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ABSTRACT;  Solution  of  the  principal  economic  problem  of  the  Party  and  the 
Soviet  nation  -  that  of  creating  the  material  and  technical  basis  for 
Communism  -  is  Intimately  related  to  the  development,  production  and 
application  of  efficient  modern  structural  materiais.  The  attainment  of 
high  parameters  in  machines  working  wi^-h  gaseous  and  liquid  media  at  ver; 
high  arid  very  low  temperatures,  the  creation  of  equipment  to  work  with 
broad  pressure  I’anges,  would  be  Impossible  without  progress  in  materials 
science,  without  the  creation  of  materials  mretlng  the  new  requirements 
set  forth  by  the  development  of  contemporary  engineering.  The  key  problt  n. 
in  modern  engineering  -  high  '■''liability  -  wiii  be  solved  sooner  on  the 
basis  of  materials  with  high  a^^^^  stable  physico-me  :hanlcal,  chemical  and 
other  properties.  At  the  same  time,  the  scale  of  modern  Industry  requires 
that  the  new  materials  be  relatively  inexpensive,  readily  available,  and 
based  on  the  use  of  domestic  raw  materials.  S.vnthetic  polymers,  which 
possess  a  number  of  the  necessary  properties  -  high  strength  coupled  with 
low  specific  gravity,  good  thermal  and  acoustic  insuxatlon,  friction  and 
antifriction  properties,  stability  to  many  chemical  agents,  etc.,  come 
closest  to  satisfying  the  above  requirements.  During  recent  years,  and 
particularly  since  the  resolutions  of  the  May  Plenary  Session  of  the 
Central  Committee  of  the  Communist  Party  of  the  Soviet  Union  (195S),  an 
enormous  number  of  synthetic  materials  have  been  developed  in  the  USSR  - 
high-strength  and  heat-resistant  plastics.  Including  glass-reinforced  and 
lightweight  foam  plastics,  which  have  come  Itito  extensive  use  in  the 
manufacture  of  parts  for  power  arid  communications  equipment,  and  various 
types  of  fibers  possessing  many  valuable  properties.  These  materials  wll. 

r%be  used  in  all  branches  of  the  national  economy,  not  only  as  metal 

^  FTO  mTA 


TI4/‘A)0%H 


TT66000ii^ 


mi 

substitutes,  but  also  as  highly  efficient  structural  materials.  The  new 
r.uperstrength  steels  and  heat-resistant  alloys  should  be  used  extensively 
in  modern  engineering;  beryllium,  tungsten,  molybdenum,  niobium,  titanium 
and  other  metals,  as  we  1 i  as  alloys  made  with  them,  will  come  Into  use  In 
industry  on  an  Increasing  scale.  Certain  metals  and  alloys  that  were 
assimilated  long  ago  -  such  as  aluminum  and  magnesium  alloys,  which  have 
otjen  used  preferentially  in  avlat.lon  engineering,  will  come  to  be  numbered 
among  the  basic  structural  materials  in  cons-'' r'^ction,  mechanical 
engineering  and  other  branches  of  Industry.  It  has  become  urgently 
necessary  to  generalise  information  on  metallic  and  nonmetallic  structural 
materials  so  that,  in  designing  various  machines  and  other  equipment, 
designers,  engineers  arKi  production  engineers  may  make  use  of  materials 
that  conform  most  fully  to  the  prerequisites  f.,r  long-term  dependable 
operation.  Thlo  conrers  an  element  of  timf-liness  on  the  appearance 
the  encyclopedia  "Structural  Materials,"  in  which  the  reader  will  find 
the  handbook  data  on  the  materials  of  modern  engineering  assembled  for 
the  first  time.  The  encyclopedia  Incluaes  survey  articles  on  the  most 
important  properties  of  heat-resistant,  antiscaling,  magnetic,  semi¬ 
conductor,  corroslon-i-tjsis!.an?. ,  bliermoacoustically  insulating  and  othex- 
materials  that  are  of  great, ecM  interest  to  v;orkerr.  in  industry.  An 
extensive  section  is  devch.f-  i  t-  modern  testing  and  nonciest  ructive 
quality-control  methccs  for  malt/riaxs.  Treairruait  ..f  theoretical  problci,.. 
in  physical  metallurgy  and  material  behavior  1  r'l  general  is  held  to  the 
necessary  mlnimtim;  those  ititerested  in  these  problem.s  are  referred  to  tl... 
bibliographies  given  at  the  eno'  of  each  article.  Troduction  processes 
are  discussed  only  to  the  extent  that  they  affect  the  properties  of  the 
materials.  The  editors  Invito  readers  to  submit  comments  on  the 
Indlvjdual  volumes  as  they  appear;  these  will  ue  received  gratefully  anu 
taken  into  consideration  in  preparation  of  later  volumes. 
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EDITOR'S  NOTE 


Solution  of  the  principal  economic  problem  of  the  Party  and  the 
Soviet  nation  —  that  of  creating  the  material  and  technical  basis  for 
Communism  -  Is  intimately  related  to  the  development,  production  and 
application  of  efficient  modern  structural  materials.  The  attainment  of 
high  parameters  In  machines  working  with  gaseous  and  liquid  media  at 
very  high  and  very  low  temperatures,  the  creation  of  equipment  to  work 
with  broad  pressure  ranges,  would  be  Impossible  without  progress  In  ma¬ 
terials  science, ^without  the  creation  of  materials  meeting  the  new  re¬ 
quirements  set  forth  by  the  development  of  contemporary  engineering. 

The  key  problem  In  modern  engineering  —  high  reliability  -  will  be 
solved  sooner  on  the  basis  of  materials  with  high  and  stable  physico- 
mechanlcal,  chemical  and  other  properties.  At  the  same  time,  the  scale 
of  modern  Industry  requires  that  the  new  materials  be  relatively  inex¬ 
pensive,  readily  available,  and  based  on  the  use  of  domestic  raw  mater¬ 
ials.  Synthetic  polymers,  which  possess  a  number  of  the  necessary  pro¬ 
perties  -  high  strength  coupled  with  low  specific  gravity,  good  thermal 
and  acoustic  Insulation,  friction  and  antifriction  properties,  stabil¬ 
ity  to  many  chemical  agents,  etc.,  come  closest  to  satisfying  the  above 
requirements. 

During  recent  years,  and  particularly  since  the  resolutions  of  the 
May  Plenary  Session  of  tht  Central  Committee  of  the  Communist  Party  of 
the  Soviet  Union  (1958),  an  enormous  number  of  synthetic  materials  have 
been  developed  In  the  USSR  -  high-strength  and  heat-resistant  plastics. 
Including  glass-reinforced  and  lightweight  foam  plastics,  which  have 
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come  Into  extensive  use  In  the  manufacture  of  parts  for  power  and  com¬ 
munications  equipment,  and  various  types  of  fibers  possessing  many  val¬ 
uable  properties.  These  materials  will  be  used  In  all  branches  of  the 
national  economy,  not  only  as  metal  substitutes,  but  also  as  highly 
efficient  structural  materials. 

The  new  superstrength  steels  and  heat-resistant  alloys  should  be 
used  extensively  In  modern  engineering,*  beryllium,  tungsten,  molybdenum, 
niobium,  titanium  and  other  metals,  as  well  as  alloys  made  with  them, 
will  come  into  use  In  Industry  on  an  Increasing  scale.  Certain  metals 
and  alloys  that  were  assimilated  long  ago  —  such  as  aluminum  and  magne¬ 
sium  alloys,  whlcii  have  been  used  preferentially  in  aviation  engineer¬ 
ing,  will  come  to  be  numbered  among  the  basic  structural  materials  in 
construction,  mechanical  engineering  and  other  branches  of  Industry. 

It  has  become  urgently  necessary  to  generalize  Information  on  me¬ 
tallic  and  nonmetalllc  structural  materials  so  that,  in  designing  var¬ 
ious  machines  and  other  equipment,  designers,  engineers  and  production 
engineers  may  make  use  of  materials  that  conform  most  fully  to  the  pre¬ 
requisites  for  long-term  dependable  operation.  This  confers  an  element 
of  timeliness  on  the  appearance  of  the  encyclopedia  "Structural  Mater¬ 
ials,"  In  which  the  reader  will  find  the  handbook  data  on  the  materials 
of  modern  engineering  assembled  for  the  first  time.  The  encyclopedia 
includes  survey  articles  on  the  most  Important  properties  of  heat-re¬ 
sistant,  antiscaling,  magnetic,  semiconductor,  corrosion-resistant, 
thermoacoustlcally  Insulating  and  other  materials  that  are  of  greatest 
Interest  to  workers  In  Industry.  An  extensive  section  Is  devoted  to  mo¬ 
dern  testing  and  nondestructive  quality-control  methods  for  materials. 

Treatment  of  theoretical  problems  In  physical  metallurgy  and  ma¬ 
terial  behavior  In  general  la  held  to  the  necessary  minimum;  those  in¬ 
terested  In  these  problems  are  referred  to  the  bibliographies  given  at 
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the  end  of  each  article.  Production  processes  are  discussed  only  to  the 
extent  that  they  affect  the  propertlep  of  the  materials. 

The  editors  Invite  readers  to  submit  comments  on  the  Individual 
volumes  as  they  appear;  these  will  be  received  gratefully  and  taken  in¬ 
to  consideration  In  preparation  of  later  volumes. 
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CONVENTIONAL  SYMBOIfi  AND  ABBREVIATIONS 


amp  —  ampere 

A  —  Angstrom  unit 

abs  -  absolute 

at  —  technical  atmosphere 

at-J^  -  atom-percent 

atm  -  physical  atmosphere 

V  -  volt 

va  -  volt-ampere 

w  --  watt 

w-hr  -  watt-hour 

g  -  gram 

g-atom  -  gram-atom 

hy  -•  henry 

“C  -  degree  Centigrade 

°K  -  degree  of  Kelvin  absolute  scale 

cps  -  cycle  per  second 

g-eq  -  gram-equivalent 

d,  ^  -  diameter 

db  ~  decibel 

RR  —  railroad 

cal  -  small  calorie 

kg-m  —  kilogram-meter 

hp  —  horsepower 

m  —  meter 

max  —  maximum 

min  —  minute 

p,  —  micron 

mm  —  millimeter 

mm  water  —  millimeter  of  water  column 
mm  Hg  —  millimeter  of  mercury  column 
mol.  -  molecular 
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e.g.  -  for  example 

NK  —  natural  rubber 

rpm  —  revolutlcns  per  minute 

r  —  roentgen 

sec  —  second 

SK  —  synthetic  rubber 

St  —  stoke 

TU  —  Technical  Specifications 

sp.gr.  -  specific  gravity 

UZ  —  ultrasound,  ultrasonic 

hr  —  hour 

ev  -  electron-volt 

emf  —  electromotive  force 


PREFIXES  ENCOUNTERED  BEFORE  NAMES  OF  BASIC  UNITS  OP  MEASUREMENT 


deka  -  (10) 
hecto  -  (lO^) 
k  -  kilo  (lO^) 
M  -  mega  (10^) 
d  -  decl  (10"^) 


c 

m 

M- 

nu 


-  centl  (10"^) 

-  mill!  (i0"3) 

-  micro  (10~^) 
mllllmlcro  (10~^) 
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"Z.  Metallkunde”  -  Zeltschrlft  fUr  Metallkunde  [Journal  of  Metals] 

(Federal  Republic  of  Germany 


Mechanical  and  Physical  Properties 

Property 

Symbol 

Unit 

Modulus  of  nonnal  elasticity  In 
tension  (static) 

E 

2 

kg/mm 

Modulus  of  nonnal  elasticity  In 
tension  (dynamic) 

^d 

2 

kg/mm 

Modulus  of  tangential  elasticity 
(shear  modulus) 

G 

2 

kg/mm 

Isostatlc  compression  modulus 

K 

kg/mm^ 

Poisson's  ratio 

M- 

— 

Proportional  limit  In  tension 

^pts 

2 

kg/mm 

Conventional  yield  point  In 
tenslcr  (permanent  deformation  G.2^) 

®0.2 

2 

kg/mm 

Ultimate  tensile  strength 

^b 

0 

kg/mm 

Ultimate  bending  strength 

*^l2g 

kg/mm^ 

Ultimate  tensile  strength  of 
notched  specimen 

^'bn 

2 

kg/mm 

Ultimate  compressive  strength 

kg/mm 

Proportional  limit  In  torsion 

^pts 

0 

kg/mm 

Conventional  yield  oolnt  In 
torsion  (permanent  shear  deforma¬ 
tion  0.35b) 

"^0.3 

2 

kg/mm 

Ultimate  torsional  strength 

kg/mm^ 

Shear  strength 

"^^sr 

2 

kg/mm 

2 

kg/mm 

Breaking  strength  In  tension 

Relative  elongation  after  fail¬ 
ure  for  lengths  of 

i  =  5d;  1  =  lOd 

/  =  5.65 

.*5'  *10 
*5. 65  Vf 

% 

% 

i  »  11.3 

*11.3^'F 

% 

Upsetting  ratio  in  compression 

6 

% 

Necking  ratio  after  failure 

% 

Rockwell  hardness  (A,  B  and  C 
scales ) 

RA,  RB,  RC 

Brlneli  hardness 

KB 

2 

kg/mm 

Vickers  hardness 

2 

kg,'rc! 

Microhardness 

H 

2 

kg/mm 

Specific  Lmpact  strer.gth  in 

®n 

kg-m/cm*^ 

bending 

xyxix 


Endurance  limit  in  bending  with 
symmetrical  -^ycle 

^-1 

2 

kg/mm 

Creep  limit  at  high  temperatures 
(stress  causing  0.2^  strain  at  100. 

300,  etc.,  hours) 

■^0.  2/100 

kg/mm^ 

Fatigue  limit  at  high  tempera¬ 
tures  (stress  breaking  specimen  at 

100,  300,  etc.,  hours) 

°100’‘^300 

,  p 

Kg/ mm  ■ 

Sagitta 

f 

mm 

Power  factor 

coscp 

— 

Specific  gravity 

7 

g/cm^ 

Temperature  coefficient  of 
linear  expansion 

a 

1/°C 

Thermal  conductivity  coef¬ 
ficient 

\ 

cal/cm»sec • *C 

Specific  heat 

c 

Cdl/g 

Resistivity 

P 

ohms •mm  /m 

Surface  resistivity 

Ps 

ohms 

vTolume  resistivity 

Pv 

ohms •cm 

Refractive  index 

n 

Magnetic  permeability 

ix 

hy  ^m 

Temperature 

t° 

°C 

Boiling  point 

^  kip 

°C 

Melting  point 

pi 

o  ^ 

Vitrification  temperc. v..re 

T 

CT 

°c 
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HK  --  =  natural 'nyy  kauchuk  -  natural  rubber 

CK  =  SK  =  sinteticheskly  kauchuk  ~  synthetic  rubber 

Ty  =  TCJ  =  tekhnlcheskiye  uslovlya  =  technical  specifications 

73  =  UZ  =  ul'trazvuk  =  ultrasound 

fl  =  d  =  dinamicheskiy  -  dynamic 

nn  =  pts  =  proportslonal 'nost '  =  proportionality 
M3r  ~  izg  -  Izglb  =  bending 
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XJCXlx 
XXX  ix 

xl 

xl 


”  ~  =  notched 

cp  =  sr  =  srez  =  shear 
KHn  =  kip  =  kipenlye  =  boiling 
nJi  =  pi  =  plavleniye  =  melting 
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ABLATION  -  destruction  of  material  on  Interaction  with  a  hlgh-en- 
thalpy,  hlgh-temperature  and  high-speed  gas  flow,  characterized  by  In¬ 
tense  heating  of  the  surface  zone  of  the  material  and  removal  of  mass 
from  It  due  to  fusion,  vaporization,  sublimation  and  other  phenomena. 
Diffusing  through  the  boundary  layer,  the  gasified  part  of  the  material 
absorbs  heat,  with  the  result  that  the  heat  flow  arriving  at  the  sur¬ 
face  of  the  material  Is  reduced  (so-called  "thickening"  of  the  boundary 
layer  or  thermal  blocking).  The  use  of  ablation-susceptible  "consumable" 
materials  that  absorb  large  quantities  of  energy  per  unit  of  mass  lost 
and  possess  low  thermal  conductivities  and  a  specific  complex  of  other 
physlcomechanlcal  properties  Is  an  effective  way  of  protecting  the 
skins  of  high-speed  aircraft  from  intense  short-term  aerodynamic  heat¬ 
ing,  and  the  walls  of  rocket-engine  chambers  from  hot  gases.  Ablation 
may  be  regarded  as  a  particular  case  or  part  of  heat  and  mass  exchange 
between  the  material  and  the  heated  gases,  v;hich  Incorporates  the  fol¬ 
lowing  fundamental,  arbitrarily  classified  effects  (the  Roman  numerals 
denote  the  groups  of  the  effect  factors,  while  the  Arabic  numerals  de¬ 
note  the  Individual  elements  within  each  group) :  I.  Absorption  of  heat 
on  heating  of  the  material  In  the  solid  and  liquid  phase  to  tempera¬ 
tures  corresponding  to  the  phase  transitions.  II.  Removal  of  heat  from 
the  surface  zone  of  the  material  due  to  conduction  (l)  and  radiation 
(2).  III.  Effects  related  to  removal  of  mass:  a)  mechanical  effects  - 
"friction"  erosion,  loss  of  material  In  the  solid  state  due  to  tangen¬ 
tial  forces  set  up  by  the  gas  stream  (l),  "abrasive"  erosion,  due  to 
Impacts  of  solid  particles  or  droplets  (2);  b)  thermomechanical  -  scal- 
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Ing  and  cracking  as  a  result  of  thermal  expansion  and  dropping  away  of 
solid  particles  (3),  exfoliation  —  separation  of  softened  or  weakened 
particles  of  material  by  forces  produced  by  the  onrushing  stream  or  by 
accelerations  (4),  heat  absorption  on  fusion  and  sweeping  of  the  fused 
layer  by  the  gas  stream  or  runoff  of  this  layer  under  the  action  of  in¬ 
ertial  forces  (5).;  c)  thermal  effects  —  absorption  of  heat  on  heating 
of  a  liquid  film  and  loss  of  mass  in  vaporization  (6),  sublimation  - 
absorption  of  heat  and  mass  loss  on  transition  to  the  gaseous  state  di¬ 
rectly  from  the  solid  state  (7),  superheating  of  vapors  of  vaporizing 
or  sublimating  material  (8);  d)  thermochemical  effects  —  absorption  of 
heat  in  pyrolysis  and  loss  of  thermal  decomposition  products  (9)>  evo¬ 
lution  of  heat  in  combustion  (lO),  dissociation  (ll)  and  ionization 
(12)  of  vapors  of  the  material  in  the  boundary  layer,  and  thermochemi¬ 
cal  interaction  of  vapors  of  the  material  with  the  main  gas  stream  (13) 
The  following  factors  Influence  the  process  of  heat  and  mass 
transfer  between  the  materia]  of  the  object  and  the  external  medium: 
the  magnitudes  of  the  heat  flows  to  the  surface  of  the  material,  the 
composition  of  the  medium,  the  velocity  of  motion,  the  iiature  of  the 
flow  (laminar  or  turbulent)  In  the  boundary  layer,  the  dimensions  (e.g. 
wall  thickness)  and  shape  of  the  object,  the  chemical  nature  and  struc¬ 
ture  of  the  material  and  the  properties  that  depend  on  them  -  the 
heats  of  the  phase  transitions,  the  heat-transfer  coefficient,  the  ra¬ 
diative  and  catalytic  properties  of  the  surface,  and  the  strength  and 
deformation  indices.  To  maintain  the  necessary  strength  In  the  load- 
bearing  elements  of  the  structure,  to  maintain  It  in  functioning  condi¬ 
tion,  and  to  provide  heat  protection  at  minimum  weight,  an  attempt  is 
made  to  select  materials  that  realize  useful  effects  (I,  II-2,  III-6, 

7,  8,  9,  11,  12),  and  minimize  the  unfavorable  effects  (III-I,  2,  3>  4, 
10)  under  the  conditions  In  question. 
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The  ablative  properties  of  a  material  are  characterlied  by  several 
parameters:  the  effective  heat  of  ablation  or  effective  enthalpy,  the 
velocities  of  linear  removal  V.  or  loss  of  mass  and  the  indices  to 
the  thermal-insulation  properties,  e.g.,  the  temperature  gradient 
through  the  thickness  of  the  material.  There  are  a  variety  of  defini¬ 
tions  for  the  "effective  enthalpy"  of  a  material.  Prom  one  standpoint. 
It  Includes  the  heat  required  to  heat  1  kg  of  the  removed  mater¬ 

ial  to  the  temperature  of  the  phase  transformation  and  then  take  It 
through  the  phase  transformation  Itself.  According  to  another  stand¬ 
point,  the  effective  enthalpy  also  Incorporates  the  heat  expend¬ 

ed  in  heating  the  vapors  of  the  material  (and  on  the  other  processes) 

In  the  boundary  layer. 

Following  the  onset  of  steady-state  ablation 


where  qQ  is  the  heat  flow  to  the  unconsumed  surface  at  the  ablation 
temperatue,  Cp  is  the  specific  heat  capacity,  T^  is  the  surface  temper¬ 
ature  of  the  material  subject  to  ablation,  Hp  Is  the  heat  of  the  phase 
transformation  (vaporization,  sublimation),  (^)q  is  the  enthalpy  dif¬ 
ference  of  the  boundary  layer  In  the  absence  of  "sweating,"  q^  =  ceT^ 

Is  the  heat  flow  radiated  by  the  body  (a  Is  the  Stefan-Boltzmann  con¬ 
stant  and  e  is  the  emlttance),  a  Is  the  gasification  coefficient,  the 
fraction  of  the  total  mass  lost  In  the  form  of  vapor  and  gaseous  pyro¬ 
lysis  products,  Is  the  mass  transfer  coefficient;  here:  N  ~ 

»  2/3  or  2/9  for  laminar  and  turbulent  boundary  layers,  respectively, 
and  Mp  is  the  molecular  weight  of  the  vapor  (values  of  p  calculated  by 
the  above  formula  correspond  to  the  case  of  an  air  flow  and  certain 
particular  streamlining  conditions). 
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A.*nong  the  various  classes  of  mater- 


MlTCpUA  ^ 

B  ‘I'euaoiioii  noToH 

&00  1 

ItOO 

3000 

c  CTCKaOTrKCmMMT  •  .  .  . 

4n0 

1200 

2200 

0  AeOowMCToanr . 

K  rjirmeTwli  lumcTiiN  , 

iiCHOKr^  TMinM  ii»  pe- 

too 

1700 

2000 

#paaiiJtDBMX  bojiok'oh 

ISOO 

2500 

3700 

A)  Material;  B)  heat  flow 
(kcal/m^.sec) ;  C)  glass- 
reinforced  textolite;  L) 
asbestos  textolite;  E) 
laminated  plastic  with  wo¬ 
ven  Refrazil  base. 


TABLE  2 


MaTepRiJi 

wlHHeO* 
HUM  yHuc 

(rjm  cex) 

MdCCU 

(Kt  M-  en) 

DTpailiHT . 

E  CTCKJIOnjUCTHh 

0.00 

0.14 

HUt . 

0.26 

0.51 

PAcOonnacniK  <ljeRojibRMii 

0.32 

0.56 

C<Hafl;ii>R . 

0.86 

0.99 

HCHPRItar  UHPKOHRH  .  .  . 

0.89 

4.10 

I  HepwaneiouiaH  crajiL  •  . 

1,60 

13.10 

A)  Material;  B)  linear 
rate  of  removal  V.  (mm/sec); 
C)  rate  of  mass  loss  V 

(kg/m  ‘sec);  D)  graphite; 

E)  transparent  phenolic 
plastic;  phenolic  asbo- 
plastlc;  G)  nylon;  H)  zir¬ 
conium  silicate;  l)  stain¬ 
less  steel. 


Ize  erosion  resistance,  are 


lals  —  metals,  ceramics,  plastics  — 
filled  polymers  are  most  suitable  for 
use  as  heat-insulating  coatings  working 
by  the  ablation  mechanism.  Illustrative 
values  of  in  kcal/kg  (without  con¬ 

sideration  of  radiation  and  various 
streamlining  conditions)  for  certain 
phenolic  plastics  are  given  in  Table  1. 

It  is  expedient  to  employ  materials 
with  small  thermal  conductivity  coeffi¬ 
cients.  The  larger  q^,  the  greater  the 
portion  of  the  material  that  will  be 
subject  to  ablation.  For  moderate  ther¬ 
mal  loads,  the  structures  may  be  protec¬ 
ted  with  thermal  insulation  and  radiat¬ 
ing  coatings;  at  high  rates  of  supply  of 
energy  to  the  surface,  ablative  thermal 
insulation  becomes  an  Important  factor. 
The  indices  and  V^,  which  character- 
part  icularly  important  for  materials  used 


in  the  nozzles  of  rocket  engines  and  other  devices  of  which  stability 
of  the  aerodynamic  contours  and  weight  parameters  is  required.  Increas- 


Ing  lowers  the  rate  of  ablation: 

J  c  •  .1  ^  V. 

where  p  is  the  density  of  the  material.  Typical  values  of  the  ablation 
rate  for  a  number  of  materials  at  the  critical  point,  with  an  initial 
heat  flow  of  5300  kcal/m  ‘sec  in  an  air  medium  (velocity  750  m/sec,  en¬ 
thalpy  4500  kcal/kg,  temperature  8300*’)  are  given  in  Table  2. 
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ature  Research]  Collection  of  articles  edited  by  V.A.  Kirillin  and  A.S. 
Sheyndllna,  Translation  from  English,  Moscow,  1962;  Adams,  Poslednlye 
dostlzhenlya  v  teorll  ablyatsll  [Recent  Advances  In  Ablation  Theory], 
"Voprosy  raketnoy  tekhnlkl,"  [Problems  of  Rocket  Engineering],  i960,  No. 
4  (64);  Skala,  Ibid.,  i960.  No.  8  (68);  Lucas  W. R.  and  Klngbury,  I.E. , 
"Mod.  Plast.",  i960,  Vol.  38,  No.  2,  pages  135-40,  211;  Schmidt,  D.  L. 
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ABRASIVES  -  rocks  and  minerals  (natural  and  artificial),  usually 
of  higher- than-nomal  hardness,  used  In  agglomerated  or  ground  fonn  for 
surface  dispersion  and  machining  (grinding,  cutting,  lapping,  boring, 
polishing,  and  the  like);  also  used  as  high-strength  materials  to  re¬ 
sist  prolonged  abrasive  action  In  the  rubbing  parts  of  mechanisms  (an- 
tabraslves,  abraslostats). 

The  natural  abrasives  Include  diamond,  corundum,  emery,  garnet, 
quartz  and  Its  varieties  —  silica,  agate,  quartz  sand,  quartzite  and 
sandstone  (dense  rocks),  trlpoll,  dlatomlte,  galze,  Mohs  (loose  pow¬ 
ders),  feldspar  and  talc;  granite,  basalt  lavas,  pumice,  crocus  (PegO^) 
and  chalk.  The  most  commonly  encountered  artificial  abrasives  are  elec¬ 
trocorundum,  carborundum,  and  boron  carbide.  The  basic  characteristics 
of  abrasives  are:  l)  hardness,  strength  and  toughness;  2)  the  shape  of 
the  abrasive  grain,  3)  abrasive  capability  and  4)  grain  size. 

We  classify  abrasives  as  those  with  high  hardness  (diamond  and 
alumina  abrasives),  medium  hardness  (quartz,  silica,  agate,  garnet, 
feldspar,  granite,  basalt  lavas  and  pumice)  and  low  hardness  (trlpoll, 
dlatomlte,  galze,  crocus,  chalk,  talc,  and  porous  shales).  Abrasives  of 
high  and  medium  hardness  are  used  chiefly  as  cutting  and  grinding  ma¬ 
terials,  while  abrasives  of  low  haixlness  are  used  principally  for  po¬ 
lishing. 

The  hardness  of  an  abrasive  is  characterized  by  its  position  on 
hardness  scales.  The  various  abrasives  array  themselves  in  the  follow¬ 
ing  series  on  the  ten-point  Mohs  scale;  diamond  10,  corundam  9,  quartz 
7,  garnet  6.5-7.5»  feldspar  6-6.5.  hematite  (crocus)  5-5-6,  talc  1, 
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chalk  less  than  1.  The  mlcrohardnessea  of  artificial  abrasive  materials 

p 

(kgAun  )  are  as  follows:  diamond  10,060,  boron  carbide  3300-4300,  sili¬ 
con  carbide  2800-3300,  electrocorundum  I8OO-26OO, 

Abrasive  grains  are  most  often  crystalline  fragments,  and  less  often 
monocrystalB  with  regular  crystalline  shape  or  a  crystalline  aggregate. 
The  cutting  edge  of  the  grain  is  the  side  formed  by  any  pair  of  Inter¬ 
secting  crystallographic  planes.  Since  different  crystallographic 
planes  Intersect  at  different  angles,  the  grain  cutting  edge  also  ac¬ 
quires  various  tip  angles. 

The  physical  characteristic  of  an  abrasive  that  is  of  greatest 
practical  Impojctance  is  its  abrasive  ability,  which  represents  a  com¬ 
plex  of  properties:  hardness,  toughness,  brittleness,  duration  of  ef¬ 
fectiveness,  etc.  The  abrasive  ability  of  ground  abrasives  (particles 
160-120  p,  in  diameter)  is  established  by  a  standard  procedure,  by  de- 
teiinlnlng  the  amount  of  glass  dispersed  when  It  is  used  to  grind  the 
material  to  be  tested.  If  the  abrasive  ability  of  quartz  is  taken  as  1, 
the  relative  abrasive  abilities  of  other  abrasives  are  as  follows:  gar¬ 
net  3*3,  corundum  4.8,  diamond  (bort)  35*4.  As  compared  with  the  abra¬ 
sive  ability  of  diamond,  which  Is  taken  as  unity,  the  abrasive  abili¬ 
ties  of  artificial  abrasives  are:  electrocorundum  (93. AlgO^)  0.149; 
monocorundum  (a  variety  of  electrocorundum)  0.15-0.25;  silicon  carbide 
0.25-0.45;  boron  carbide  0.56-0.64.  The  mesh  characterizes  the  size  and 
uniformity  of  the  abraslve-graln  dimensions;  It  Is  determined  by  clas- 
dlfylng  the  grains  on  the  basis  of  linear  dimensions  by  screen  analysis, 
settling  In  a  liquid,  or  some  other  method.  The  mesh  number  la  deter¬ 
mined  by  the  linear  dimensions  of  the  graiiw  In  the  main  fraction.  The 
more  uniform  the  shapes  and  sizes  of  the  abrasive  grains,  the  better 
will  be  their  working  properties. 

Machining  finish  obtained  with  an  abrasive  process  Is  Inversely 
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proportional  to  the  size  of  the  abrasive  grains;  here,  admixtures  of 
coarser  grains  produce  defects  on  the  machined  surface,  while  finer 
grains  reduce  the  abrasive  effect,  since  such  grains  do  not  fully  par¬ 
ticipate  In  the  process.  In  their  commercial  form,  abrasives  are 
crushed  materials  with  standard  grain  sizes  (OOCT  3^7-59)-  Crushed 
abrasives  are  classified  as  follows  on  the  basis  of  grain  size  in  the 
USSR:  grinding  granular  (Nos.  200-16,  25OO-I6O  m-  fractions),  grinding 
powders  (Nos.  12-3,  l60-40  p.  fractions)  and  mlcrnpowders  (Nos.  M40-M5, 
40-3  M-  fractions).  Diamond  powders  (GOST  9206-59)  are  classified  Into 
50  grades  —  from  A50  (63O-5CO  p.)  to  AMI  (smaller  than  1  p).  Abrasives 
are  characterized  by  imperfect  cleavage,  so  that  they  regenerate  them¬ 
selves  during  the  abrasive  process,  producing  new  Irregular  sharp  frac¬ 
tures.  Abrasive  products  should  be  quite  porous. 

Abrasive  stones,  from  pieces  of  which  abrasives  products  of  the 
necessary  shape  and  dimensions  are  obtained  directly,  should  be  set 
apart  on  the  basis  of  method  of  use  from  other  abrasives,  which  are 
used  chiefly  In  dispersed  form.  Abrasive  stones  generally  consist  of 
slllcaceous  rocks  -  sandstones,  novacullte  (chalcedonous )  shales  and 
quartzites,  as  well  as  granites,  basalt  lavas,  and  pumice. 

Abrasive  stones  (in  the  form  of  millstones,  v.hetstones ,  and  the  like) 
are  used  only  to  a  limited  degree  because  of  the  difficulty  of  making 
tools  of  the  necessary  size  and  din.enslons  from,  them  and  the  possibi¬ 
lity  of  using  them  only  at  lew  working  speeds  (not  over  r./sec).  The 
importance  of  diamond  am.ong  the  dispersed  abrasives  Is  Increasing 
steadily.  The  abrasive  n.ext  in  Im.portance  after  diamond  Is  corundum, 
which  Is  used  In  the  form  of  powders,  pastes  and,  less  often,  In  abra¬ 
sive  products  In  ceramic  and  organic  binders,  foi  the  grinding  and  po¬ 
lishing  of  metallic  products  (ball  bearings)  and  glass  (optical  lenses), 
where  natural  ccrund’ur.  Is  mojce  effective  than  synthetic  corundum.. 
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Abrasives  are  used  as  follows:  giuartz  sand  preferentially  for 
rough  grinding  of  glass;  garnet  and  crocus  for  glass  (miller)  polishing; 
emery  chiefly  in  felt-based  wheels  for  rough  machining  of  noncrltlcal 
components;  pumice  for  grinding  and  dressing  wood,  leather  and  stone. 

The  soft  adhesives  -  chalk  and  talc  —  are  Included  in  various  polishing 
preparations  for  finishing  leather,  polishing  rice,  etc.  Silica  is  used 
to  make  sandpapers  for  finishing  leather,  plastics  and  wood,  and  the 
material  is  made  available  In  the  form  of  grinding  grains  and  powders 
(most  often  In  14  grades  from  2U  to  240).  Corundum  Is  produced  for  the 
most  part  In  micropowder  form  (No.  28,  No.  7,  etc. )  and  emery  In  the 
form  of  grinding  grains  (No.  90  and  coarser). 

The  most  widely  used  artificial  abrasives  are  as  follows:  with 
high  hardness  -  boron,  tungsten  and  silicon  carbides,  electrocorundum 
(specific  brands  are  al’undum,  aloxlte  and  ncvodlamantlne) ;  those  of  med¬ 
ium  and  low  hardness  -  ground  glass,  synthetic  red  (iron)  and  green 
(chrom.lum  oxide)  crocus,  pollrlte  (cerium  oxide),  oxides  of  copper, 
zinc,  nickel,  m.anganese  and  thorium;,  steel  filings,  Italian  powder 
(stannic  acid),  as  well  as  polishing  conipojunds  containing  brushed  na¬ 
tural  abrasives  and  various  salts. 

The  following  foros  of  artificial  abrasives  are  produced  In  the 
USSR;  boron  carbide  (crystalline,  with  additives  of  pure  boron  and 
graphite),  which  is  used  as  a  substitute  for  dlam.ond  powders  In  trying 
h»ard  alloys  (carbide  cutting  tools),  in  grinding  ruby,  quartz  and  cor¬ 
undum;  green  silicon  carbide  (high  abrasive  ability)  and  the  black  var¬ 
iety  (less  brittle),  used  In  m.achlning  tough  materials  with  low  break¬ 
ing  strength  (gray  iron,  brass,  bronze,  aluminum,  copper,  glass,  porce¬ 
lain,  bone,  plastics,  and  the  like);  normal  electro corundum  E  In  grades 
E92,  E93  E95  for  grinding  m.ctala,  white  EB  for  machining  special 

steels,  glass,  and  precision  thread-grirjdlng;  m;onocorundum  M  for  mach- 
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Inlng  alloys  having  high  breaking  strength  (for  example,  nltrldcd 
steels). 


References ;  Nemetalllchesklye  Iskopayemyye  [l^onmetalllc  Natural 
Deposits],  Vol.  1,  Moscow-Lenlngrad,  1936;  Tvsmkln,  B.S.,  Shllfuyushchi- 
ye  1  pollruyushchlye  materlaly  [Grinding  and  Polishing  Materials],  Mos¬ 
cow,  19^7;  Trebovanlya  promyshlermostl  k  kachestvu  mlneral'nogo  syr'ya 
[Industrial  Requirements  as  to  Quality  of  Mineral  Raw  Materials],  No. 
37;  Koyfman,  M.I.,  Korund  1  nazhdak,  [Corundum  and  Bnery],  Moscow-Len¬ 
lngrad,  19^7;  Abrazlvnyye  instrument'  [Abrasive  Tools],  catalogue,  Mos¬ 
cow,  1958  ;  Abrazlvnyye  instrumenty.  catalogue.  Handbook,  Moscow,  1961, 

P.  P.  Smolin 
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FOOT  =  GOST  =  Gosudarstvennyy  obshches  yuznyy  standard 
State  All-Union  Standard 


ABSOLUTELY  BLACK  BODY  -  a  body  characterized  by  the  ability  to 
absorb  completely  all  radiation  Incident  upon  It  irrespective  of  the 
wavelength  of  the  radiation  and  the  temperature;  It  also  possesses  the 
highest  radiative  power  for  a  given  temperature.  The  absorption  coef¬ 
ficient  of  the  absolutely  black  body  is  unity  at  any  temperature.  The 


Models  of  the  absolutely  black  body;  a)  Spherical  cavity  with  hole;  b) 
tube  element;  c)  cylindrical  depression  in  a  body;  d)  wedge-shaped 
depression  In  a  body. 

absolute  bla^k  boHv  does  not  ln  nature*  au  Im'ginai.;/  body, 

but  the  concept  of  the  absolute  black  body  is  of  great  importance  in 
the  theory  of  radiation,  the  basic  laws  of  which  have  been  derived  as 
they  apply  to  black-body  radiation  (see  thermal  radiation).  A  physical 
model  of  the  absolute  black  body  can  be  realized  in  the  form  of  a 
closed  cavity  having  opaque  and  unlforroly  heated  walls,  the  radiation 
and  absorption  of  which  through  a  small  hole  in  the  wall  (Pig. ,  a)  are 
for  all  practical  purposes  subject  to  all  laws  of  radiation  for  the  ab¬ 
solute  black  body.  The  physical  model  of  the  absolute  black  body  is 
based  on  the  principle  of  absorption  of  the  rays  by  the  cavity  walls  as 
a  result  of  multiple  reflection.  By  the  name  token  (each  element  of  the 
internal  surface  of  the  cavity  •»lmultaneo’\Bly  radiates  and  reflects  the 
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radiation  of  the  other  elemento),  the  absolute  black  body  model  fiooceo- 
ses  a  radiating  power  close  to  the  possible  maximum  at  the  given  eom- 
perature.  In  engineering,  absolute  black  body  models  are  used  in  the 
form  of  uniformly  heated  tubular  element  b  and  cylindrical  (c),  wedge- 
shaped  (Mendenhall  wedge)  or  conical  (d)  depressions  In  a  heated  body. 

References ;  Rlbo,  G. ,  Optlcheskaya  pirometriya  [Optical  Pyrometry] 
Translated  from  the  French,  Moscow-Lenlngrad,  193^;  Mikheyev,  M.A.,  Os- 
novy  teploperedachl  [Fundamentals  of  Heat  Transfer],  3rd  edition,  Mos- 
cow-Lfc*ilngrad,  1956;  Plank,  M. ,  Vvedenlye  v  teoreticheskuyu  flziku 
[Introduction  to  Theoretical  Physics],  Part  5>  Translated  from  the  Ger¬ 
man,  Moscow-Lenlngrad,  1935^  Kul'bush,  G.P.,  Elektrlchesklye  plrometry 
[Electrical  Pyrometers],  Moscow-Lenlngrad],  1932. 

A. I.  Kovalev 
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ABSORFT'ION  COEFFICIENT  -  the  ratio  of  the  radiant  energy  absorbed 
by  a  body  to  the  radiant  energy  incident  on  It;  a  =  ^pogi^^pad* 
absolutely  black  body  this  factor  equals  1,  while  for  an  absolutely 
white  body  It  equals  0.  The  absorption  coefficient  of  real  bodies  lies 
within  the  limits  0  <  a  <  1  and  depends  on  the  chemical  composition, 
physical  state,  and  thickness  of  the  absorbing  layer  and  the  wavelength 
distribution  of  the  Incident  radiant  energy. 

Q.A.  Zhorov 
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ACETATE  PI2ER  —  artificial  fiber  from  acetylcellulose  which  has 
valuable  service  qualities.  The  starting  raw  material  for  the  produc¬ 
tion  of  acetate  fiber  is  regenerated  cellulose  acetate  (the  content  of 
combined  acetic  acid  is  54.5-56.5^)  Acetate  fiber  is  formed  by  the  dry 
method  from  acetylcellulose  solutions  with  a  degree  of  polymerization 
of  350-400  mixed  with  acetone  and  alcohol  (85;.  15)  or  acetone  and  water 
(90:10)  on  a  bobbin-type  spinning  mill.  The  physio-mechanical  proper¬ 
ties  of  acetate  fibers  are:  specific  weight  1.32,  moisture  content  (un¬ 
der  standard  conditions)  6-8^,  dry  rupture  length  11-14  km,  loss  of 
sti-exxgih  in  the  wet  state  40-455^,  dry  elongation  22-30;^,  vret  elongation 
28-355^.  Suspension  dyes  are  used  for  water-bath  dyeing,  while  acetone- 
soluble  dyes  or  high-dispersion  pigments  which  ensure  bright  and  fast 
colors  are  used  for  dyeing  in  the  mass. 

Acetate  fiber  is  twice  as  elastic  as  viscose  and  cupramraonium  fi¬ 
bers,  for  which  reason  fabrics  frosn  acetate  fibers  have  a  low  suscepti¬ 
bility  to  crushing.  Acetate  fibers  possess  a  substantial  thermoplasti¬ 
city  (deformation  of  the  fiber  starts  at  l40-150°).  The  processes  by 
which  acetate  fibers  are  produced  are  distinguished  by  their  relative 
simplicity  and  haimlessness,  stability  of  spinning  solutions,  higher 
(by  a  factor  of  2.5-3)  concentration  of  the  spinning  solution  in  com¬ 
parison  with  that  used  for  the  forming  of  viscose  fiber,  higher  rate  of 
fiber  formation  when  using  the  dry  method,  absence  of  finishing  opera¬ 
tions  in  the  wet  state,  moderate  specific  consumption  of  solvents  due 
to  their  regeneration,  feasibility  of  complete  reprocessing  of  wastes 
and  refuse.  Shortcomings  of  the  production  process  are:  inflammability 
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and  danger  of  explosion  when  acetone  comes  Into  contact  with  air,  which 
require  the  use  oi  special  electrical  fittings  and  motors,  substantial 
heat  generation  In  the  spinning  compartment  zone  which  necessitates  air 
conditioning.  Acetate  fibers  are  used  in  the  pure  form  and  together  with 
other  fibers  for  the  production  of  fabrics  and  knitted  products.  Knit¬ 
ted  underwear  ana  outerwear  are  made  from  acetate  rayone,  while  staple 
acetate  fiber  together  with  other  fibers  Is  used  for  wrlnke-reslstant 
fabrics  and  articles.  Acetate  fibers  are  not  colorable  by  dyes  which 
are  used  for  dyeing  cellulose  and  protein  fibers  are  used  together  with 
the  latter  for  obtaining  various  color  effects  in  fabrics. 

References;  Rogo’/in,  Z.A.  Osncvy  Khlmil  1  tekhnologll  prolzvodstva 
khimlcneskikh  volokon  [  Pondamentals  of  the  Chemistry  and  Technology  of 
Cnemlcal  Fibers  Production].  2nd  edition,  Moscow,  1957;  Birger,  G. Ye., 
Prolzvodetvo  khlmlcheskikii  volokon  i  Ikh  prirn'menlye  [The  Production  and 
Utilization  of  ChentJ-cal  Fibers].  Moscow,  1959;  Keuiter,  D. Ts.,  Nekrasova, 
T.A.  €Uid  Golosenko,  O.M.  "TP,"  No.  9,  page  16,  1958. 

L. S.  Gal'braykh 


ACICULAR  TRCX)STITE  -  is  the  structure  of  products  of  the  inter¬ 


mediate  transformation  of  austenite  (see  Steel). 
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ACID-  AND  ALKALI-RESISTANT  RUBBER  —  rubber  which  protects  appara¬ 
tus,  machinery,  and  equipment  from  the  detrimental  action  of  acids 
and  alkalies.  Depending  on  their  purpose  and  the  field  In  which  they 
are  to  be  used,  such  rubbers  should.  In  addition  to  resistance  to  var¬ 
ious  media,  exhibit  good  adhesion  to  metals  (when  employed  for  anti¬ 
corrosion  coatings),  durability  (when  used  for  packaging  components 
In  pumps),  and  heat  or  frost  resistance  (when  used  at  high  or  low  temp¬ 
eratures).  Their  chemical  stability  depends  to  a  large  extent  on  the 
temperature  and  concentration  of  the  medium.  The  service  life  of  acld- 
and  alkali-resistant  rubbers  ranges  from  several  months  to  4-6  years 
and  depends  on  the  purpose  for  which  the  material  Is  Intended,  the 
operating  conditions,  the  concentration  and  temperature  of  the  medium, 
whether  or  not  It  contains  suspended  particles,  the  type  of  apparatus, 
the  surface  area  in  c'htact  with  the  medium,  the  number  of  strokes 
(for  packaging  components),  and  other  factors.  Their  chemical  stability 
Is  determined  chiefly  by  the  properties  of  the  Initial  gum  rubber  and 
the  composition  of  the  rubber  mixture.  Addition  of  silica  gel  to  the 
mixture  In  place  of  chimney  soot  or  lamp  black  substantially  Increases 
Its  resistance  to  a  number  of  chemical  reagents.  The  same  filler  may 
promote  an  increase  In  resistance  to  one  medium  and  a  decrease  In  re¬ 
sistance  to  another.  For  example,  silica  gel,  which  Improves  resist¬ 
ance  to  hydrochloric  acid,  lowers  resistance  to  alkalies.  A  combina¬ 
tion  of  fillers  Is  used  to  obtain  rubbers  stable  In  both  types  of  media. 
Addition  of  softeners  such  as  paraffin,  ceresJn,  etc.,  which  migrate 
to  the  surface  of  the  rubber,  also  Increases  the  chemical  stability  t 
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of  tb.e  mixture.  Rubber^>  with  strong  sulfur  borjs  are  produced  by  u.  Inr 

thlram  as  an  accelerator  and  reducing  the  sulfur  content. 
lABLE  I 
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1)  Medium;  2)  acids;  3)  nitric:  sulfuric;  5)  phosphoric;  6)  hydro¬ 

chloric;  7)  sodium  hydroxide;  8)  mechanical  properties  of  rubber;  9) 
concentration  {%  by  weight);  10)  tempei'ature  (“C);  11)  up  to;  12)  any; 
13/  ultimate  tensile  strength  —  45-100  kg/cm2;  i4)  relative  elongation 
—  200-350?^,  hardness  In  IIM-2  apparatus  —  45-60. 
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1)  Medium;  2)  acids;  3)  nitric;  4)  sulfuric;  5)  phosphoric;  6)  hydro¬ 
chloric;  7)  hydrofluoric;  8)  sodium  hydroxide;  9)  .mechanical  proper¬ 
ties  of  rubber;  10)  concentration  by  weight);  11)  temperature  (°C); 
12|  up  to;  13)  any;  l4)  ultimate  tensile  strength  -  200-250  kg/cm2; 

15)  relative  elongation  —  300-5005^,  hardness  in  TM-2  apparatus  -  60- 


Acld-  and  alkall-reslstunt  ;bbers  are  produced  from  the  follow¬ 
ing  types  of  raw  rubber;  sodium  dlvlnyl  (SKB),  dlvlnyl  styrene  (SKS), 
divlnylnltrlle  (SKN),  butyl  (BK),  polyisobutylene  (PI),  chorsulphated 
polyethylene  (KhP),  ethylene-Fropylene  (EP),  and  chloroprene- 

SKB-based  rubbers  are  widely  used  In  the  manufacture  of  soft  rub¬ 
bers,  semiebonites,  and  ebonite.  Ebonites  are,  however,  brittle  and 
thermoplastic  (softening  at  60-70*). 

Table  1  presents  data  on  the  resistance  of  SXB  rubbers  to  various 
acids  and  alkalies. 
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SKB-based  rubber-  ar»-  ••lartl-',  ed'^er^  -".ei!  and  are 

heat-reslBtant  to  6c'’  and  frost-resistant  tc-6c®. 

Acid-  and  alkali-resistant  rubbers  based  on  CK3-3C  (and,  to  some 
extent,  those  based  on  SKMS-50)  are  strong,  elastic,  hli',f‘lv  durable, 
heat-resistant  to  100-120®,  and  frost-resistant  to -40  or-;o0®. 

Table  2  presents  data  on  the  acid  alkali  resistance  of  rub¬ 
bers  based  on  SKS-30. 

TABLE  3 
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1)  Medium;  2)  acids;  3)  nitric;  4)  sulfuric;  5)  hydrochloric,  6)  ace¬ 
tic;  7)  sodium  hydroxide;  8)  mechanical  properties  of  rubber;  9)  con¬ 
centration  {%  by  weight);  10)  temperature  (®C);  11)  up  to;  12)  ulti¬ 
mate  tensile  strength  -  100-150  kg/cm^;  13)  relative  elongation  -  300- 
40056,  hardness  in  TM-2  apparatus  -  70-80. 


TABLE  4 
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1)  Medium;  2)  acids;  3)  nitric;  4)  suifurlc;  5)  hydrochloric;  6)  phos¬ 
phoric;  7)  rcetlc;  6)  sodium  hydroxide;  ^5)  ccncsntratlon  {%  by  weight) 
10)  temperature  (®C);  11)  up  to;  17)  unstable  in  hot  acid. 


Acid-  and  alkali-reslstent  rubbers  based  on  SKN  have  a  chemtcsl 
stability  similar  to  that  of  SKS  rubbers;  they  are  resistant  to  petrol 
ei-uc  products  contalnlnij  up  to  30*^  aromatic  hydrocarbons  and  to  proptr.e 
and  butane.  They  are  heat-resistant  to  150* ,  durable,  and  froet-res*  ■' 
ant  to-’C  to -35*  (for  or to  -50“  (for  SKN-I8). 

Rubbers  based  ot'.  chloroprene  are  characterized  by  high  resir  ..ce 
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TABLE  5 
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1)  Medium;  2)  concentration  by  weight);  3)  temperature  (®C);  4)  re- 
sisteince;  5)  mechanical  properties  of  KhP;  6)  ammonia;  7)  chromic  acid 
8)  the  same;  9)  hydrochloric  acid;  10)  hydrofluoric  acid;  11)  nitric 
acid;  12)  phosphoric  acid;  13)  sulfuric  acid;  l4)  acetic  acid;  15)  po¬ 
tassium  hydroxide;  I6)  sodium  hydroxide;  17)  liquid,  anhydrous;  I8) 
concentrated;  I9)  up  to;  20)  glacial:  21)  weak  action  or  none  at  all: 
22)  the  same;  23)  moderate  action;  24)  ultimate  tensile  strength  - 
180-240  kg/cm2;  25)  relative  elongation  —  200-500^6;  26)  hardness  in 
TM-2  apparatus  —  6O-8O;  27)  embrittlement  temperature  - 25  to  — 40®. 


to  the  action  of  acids  and  alkalies,  as  well  as  by  good  adhesion  to 
metals  (Table  3)-  They  are  heat-resistant  to  8O-9O®,  frost-resistant 
to  —30  to  — 35*’»  and  resistant  to  petroleum  products  containing  up  to 
255^  aromatic  hydrocarbons.  These  rubbers  are  widely  used  for  lining 
railroad  tank  cars  Intended  for  transporting  hydrochloric  acid. 

Acid-  and  alkali-resistant  rubbers  based  on  PI  are  inert  to  chem¬ 
ical  reagents  and  res. stant  to  thermal  and  oxygen  aging.  Pl-based  mix- 

p 

tures  begin  to  flow  at  loads  of  3  kg/cm  .  A  composition  o-f*  type  P-155 
or  P-200  PI,  coot,  and  graphite  is  usually  employed;  it  is  produced 
ln  sheets  under  the  trademark  PSG  and  these  are  cemented  or  hot-air 
welded  at  200®. 

Table  4  p’-esents  data  on  the  acid  and  alkali  resistance  of  PI- 
based  PSG  mixtures. 

BK-based  rubbers  have  a  higher  resistance  to  aggressive  media 
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than  those  based  on  unsaturated  polymers  and  are  comparable  to  PI  com¬ 
positions.  In  contrast  to  PSG  coatings,  protective  linings  of  BK  are 
mechanically  strong,  elastic,  and  durable,  do  not  flow,  and  resist 
fats  and  vegetable  oils,  which  destroy  PI.  The  principal  drawback  of 
BK  rubbers  is  their  lack  of  adhesion  to  metals. 

Acid-  and  alkali-resistant  rubbers  based  on  KhP  have  a  high  re¬ 
sistance  to  chemical  reagents,  a?.iphatic  hydrocarbons,  ozone,  and  oxy¬ 
gen  and  are  heat-resistant  and  durable.  Table  5  presents  data  on  the 
acid  and  alkali  resistance  of  KhP  rubbers. 

Acid-resistant  hoses  of  KhP  ar  distinguished  by  good  operational 
characteristics  in  working  +:h  sulfuric  acid,  hydrofluoric  acid,  and 
other  oxidizing  agents.  KhP  rubber.s  are  widely  used  in  chemical  enter¬ 
prises  for  lining  tanks  and  chlorination  and  pickling  baths  and  in  the 
.manufacture  of  pecking  components  which  must  be  both  chemically  stable 
and  durable. 

Acid-  and  alkali-resistant  rubbers  based  on  an  ethylene-propylene 
copolymer  (EP)  are  characterized  by  high  elasticity,  durability,  arid 
ozone,  acid,  and  alkali  resistance.  EP  has  a  higher  acid  and  alkali 
resistance  than  BK. 

EP-based  rubbers  adhere  poorly  to  metals.  They  are  used  principal¬ 
ly  in  the  manufacture  of  packing  components  Intended  to  operate  in 
highly  active  aggressive  media. 

References:  Zuyev,  Yu.S.,  Borshchevskaya,  A.Z.,  DAN  SSSR  [Proceed¬ 
ings  of  the  Academy  of  Sciences  USSR],  1959,  Vol.  124,  No.  3,  page 
613;  Zuyev,  Yu.S.  et  al.,  VS,  196I,  Vol.  3,  No.  2,  page  l64;  Novyye 
I  uchukl.  Svoystva  1  primeneniye  [New  Rubbers,  Properties  and  Applica¬ 
tions],  collection  of  translations,  Moscow,  1958;  Polyakov,  K.A. , 
Slomyanskaya,  F.B. ,  Polyakova,  K.  K. ,  Korroziya  1  khlroicheskl  stoyklye 
materialy  [Corrosion  and  Chemically  Stable  Materials],  Moscow-Lenln- 
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grad,  1953;  Biryukov,  I.V. ,  Tekhjiolo^^ya  obkladkl  chioichoGkoy  appar- 
atury  rezlnovytni  smesyaml  [Techniques  for  Lining  Chemical  Apparatus 
with  Rubber  Mixtures],  Leningrad-Moscow,  1952;  Zuyev,  Yu.S.,  Bukhanova, 
N. N. ,  Dorfman,  T. I. ,  KIR,  i960.  No.  10,  page  ^4;  Koshelev,  F.P. , 
Kornev,  A. Ye.,  K  i  R,  1958,  No.  3,  page  29. 

F. Ye.Fradklna. 
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ACIDPROOP  CERAMICS  -  are  ceramic  materials  characterized  by  a  high 
chemical  stability  to  the  effect  of  acids  (hydrofluoric  acid  being  ex¬ 
cluded),  alkalis  and  gases.  Acldproof  ceramics  are  made  frcxn  high- 
melting  or  refractory  clays  (talcum,  feldspar,  etc. )  and  also  from  por¬ 
celain  or  semiporcelain,  and  are  characterized  by  a  high  mechanical 
strength  and  a  low  permeability  for  gases.  Special  acldproof  ceramics 
may  be  made  from  special  bodies  or  pure  oxides  and  must  prove  an  ele¬ 
vated  chemical  stability  to  the  action  of  extremely  strong  chemical  sub¬ 
stances  (phosphoric  acid,  for  example),  and  also  have  a  low  thermal  ex¬ 
pansion  coefficient,  an  Increased  heat  endurance,  a  high  mechanical 
strength  and  other  specific  properties.  Depending  on  the  composition, 
the  acldproof  ceramics  are  characterized  by  the  data  given  in  Table  1. 

TABLE  1 

Physicochemical  Properties 
of  Acldproof  Ceramics 
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O.Ot  -0 
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1)  Characteristic sj  2)  values  of  the  characteristics;  3)  acidproofness 
{%)‘y  4)  alkallproofness  {%)i  5)  weight  by  volume  (g/cm3);  6)  water  ab¬ 
sorption  (J^):  7)  strength  (kg/cm^)*  8)  compression  stren^h;  9)  tensile 
strength;  10)  torsion  strength;  11)  modulus  of  elasticity  tkg/cm^. 10° ) ; 
12)  coefficient  of  thermal  expansion  within  20-100®,  x*l(7^;  13)  heat 
conductivity  (kcal/m* hr* degree);  l4)  heat  endurance  (number  of  thermal 
shocks;  600®-20®,  water). 
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In  Table  2,  data  on  the  chemical  stability  of  the  basic  types  of 
ceramic  materials  are  given. 


TABLE  2 

Chemical  Stability  of  Diverse  Ceramic 
Materials 
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1)  Characterlstlcsj  2)  stony  ceramics; 

3)  acldproof  brick;  4)  porcelain;  5) 
cordlerite  products;  6)  carborundum 
products;  7)  forsterite  products;  8) 
acidproofness  {%)\  9)  alkalip roof ness 

(^). 

The  acid-  and  alkallproofness  are  determined  according  to  GOST  473 
53»  Acldproof  ceramics  are  subdivided  into  2  groups  with  regard  to  thei 
properties,  the  methods  of  production,  and  the  purposes:  1)  with  a 
coarse-grained  body,  as  acldproof  bricks  or  tiles,  used  for  lining  of 
chemical  reaction  apparatus,  etc,;  2)  with  a  fine-grained  body,  as 
materials  for  centrifugal  and  piston  piunps,  ventilators  and  pipes  for 
the  transport  of  aggressive  fluids,  cocks  for  high  pressures,  diverse 
apparatus  for  reactions  (towers,  condensers,  vessels  for  diverse  pur¬ 
poses,  tanks  for  stationary  lead  accumulators,  and  also  packings  of  re¬ 
action  columns.  The  greater  part  of  these  products  is  delivered  in  di¬ 
verse  standardized  types  and  shapes.  The  products  from  acldproof  ceram¬ 
ics  may  be  glazed  in  order  to  increase  the  tightness  to  gas  and  moist¬ 
ure.  Acldproof  ceramics  are  used  in  the  chemical,  textile,  cellulose- 
and  paper,  hydrolytic,  metallurgic,  and  pharmaceutic  industries  and  in 
Important  types  of  acldproof  cercunics  delivered  by  the  Industry  are 
listed  in  Table  3* 
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■rhe  low  heat  endurance  of  the  acid  proof  ceramics,  especially  of 
that  with  a  compact  body,  is  a  disadvantage  of  them;  therefore,  a  rapid 

TABLE  3 

Properties  of  the  Main  Types  of  Acid- 
proof  Products 
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*  Depending  on  the  ring  diameter, 

1)  Type  of  the  product;  2)  acidproof¬ 
ness  (5^);  3)  water  absorption  (5^,  not 
more  than);  4)  ultimate  strength 
(Kg/cm2,  not  less  than);  5)  in  com¬ 
pression;  6)  in  bending;  7)  hydraulic 
pressure  (atm,  not  less  than);  8)  heat 
endurance  (number  of  thermal  shochs, 
not  less  than);  9)  acidproof  brick; 

10)  acidproof  tiles,  grade  K;  11) 
thermoacidproof  tiles,  grade  TK;  12) 
tiles  for  the  hydrolysis  industry; 

13)  acidproof  pipes;  14)  chemical 
apparatus;  15)  cocks;  l6)  packing 
rlngt?;  17)  ceramic;  l8)  semiporcelain; 
19)  destructive  load  (kg). 


heating  and  cooling  of  th»»  products  must  be  avoided. 
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ACID  RESISTANCE  -  is  the  property  of  materials  to  withstand  the 
action  of  acids,  preponderantly  of  mineral  acids:  HgSO^^^,  HNO^,  and  Hcl. 
Ihe  acid  resistance  of  pure  substances.  Including  polymers,  dependb 
mainly  on  their  chemical  type  and  the  properties  of  the  reaction  pro¬ 
ducts.  The  latter  may  be  a  nondegradated  polymer  forming  a  film  on  the 
surface,  the  film,  for  example,  which  developes  on  cellulose  fibers 
under  the  action  of  (parchment  paper),  etc.  Concentrated 

and  HNO^  act,  as  a  rule,  as  sulfonating  or  nitrating  agents,  the  former 
as  a  dehydrant  also.  Fluorine-substituted  polymer  hydrocarbons  and 
some  resins  possess  the  highest,  saturated  hydrocarbons  a  medium  and 
many  of  the  polyesters  a  low  acid  resistance.  The  fillers  may  play  an 
essential  part  in  technical  polymers.  Thus,  carbon  blacks  and  silica 
gel  improve  the  acid-resistance;  fillers,  however,  which  are  soluble 
in  acids  —  chsilk,  for  example  —  reduce  the  acid-resistance.  Uie  acid- 
resistance  of  polymers  may  be  improved  by  preparation  of  their  surface, 
applying  of  special  coatings,  for  example,  which  have  a  high  acid- 
resistance.  The  latter  decreases  when  the  temperature  rises.  A  rapid 
evaluation  of  the  acid  resistance  is  carried  out  by  treatment  of  the 
material  with  acids  at  higher  temperatures,  or  at  room  temperature  with 
more  highly  concentrated  acids.  The  former  method  gives  more  reliable 
results. 

N.  N.  Lezhnev 
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ACID-RESISTAMT  NICKEL  ALLOYS  are  nlckel-base  alloys  which  are 
characterised  by  high  corrosion  resistance  In  many  aggressive  media.  In 
connection  with  which  they  find  wide  application  in  chemical  machinery 
construction  (see  Corrosion  of  Nickel  Alloys).  Many  of  the  alloys  also 
have  excellent  high -temperature  strength.  As  a  rule,  the  nickel  alloys 
containing  chromium  and  tungsten  are  resistant  In  aggressive  oxidizing 
media.  The  alloys  of  the  Nl-Cu  and  Nl-Mo-Fe  systems  which  do  not  con  ¬ 
tain  chromium  are  resistant  In  aggressive  nonoxldlzlng  media.  The  Nl-Cu 
alloys  which  are  additionally  allowed  with  aluminum  and  silicon  are 
characterized  by  high  strength  after  agli^g,  which  expands  considerably 
their  field  of  application  In  chemical  machinery  design.  Moreover,,  ad¬ 
ditional  alloying  with  silicon  markedly  Improves  the  casting  properties 
of  the  nickel  alloys.  Simultaneous  alloying  with  silicon  and  copper 
considerably  improves  the  corrosion  resistance  of  the  nickel  alloys  in 
hot  solutions  of  sulfuric  acid.  The  Nl-Mo  alloys  have  high  corrosion 
resistance  In  hydrochloric  acid  and  alloying  of  these  alloys  with  Iron 
Improves  their  pressure  workability.  The  chemical  ccmposltlon  and 
physic  one  chanl  cal  properties  of  the  most  widely  used  acld-ireslstant 
nickel  alloys  are  shown  In  Tables  1  and  2. 

Monel  metal  (NMZhMts  28-2.5-1-5)  1b  used  for  detail  parts  of  aedl- 
um  strength  and  high  corrosion  resistance  In  the  fabrication  of  equip¬ 
ment  for  the  petroleum  refining  and  pharoaceutlcal  Industries,  pumps 
for  mine  waters,  for  elements  of  unique  architectural  trim.  This  alloy 
Is  stable  In  hydrofluoric  acid,  sea  water,  concentrated  alkalis  (with 
the  exception  of  NI^C^),  dilute  solutions  of  sulfuric  acid.  It  is  not 
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Chemical  Composition  of  Acid-Resistant  Nickel  Alloys 
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1)  Alloy;  2)  element  content  (f6);  3)  other  elements:  4)  Moneimetal  (NM- 
ZhMts  2o-2.5-l-5)i  5)  Monel;  6)  balance;  7)  same;  8)  Inconel;  9)  Has- 
telloy;  10;  Nlonel,  1] )  Illlum  0. 


reconmended  for  oper?*-!  -^n  at  tanperatures  above  375“  nor  In  oxidizing 
media  or  aerated  arid  ^iolutlons.  It  Is  produced  In  the  form  of  rod, 
forgings,  sheet,  strip,  wire,  tubing  and  castings. 

Monel  K  Is  used  for  parts  of  high  strength  and  high  corrosion  re¬ 
sistance  (pump  valvef ,  springs).  This  alloy  is  strengthened  by  aging. 
With  respect  to  corrosion  properties  it  Is  close  to  ordinary  monel  me¬ 
tal.  It  Is  not  recommended  for  operation  at  temperatures  above  315*  In 
media  containing  sulfur  compounds.  It  is  produced  In  the  form  of  i*od, 
forgings,  strip,  tubing. 
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I  TABLB  2 

Physical  and  Mechanical  Properties  of  Acid-Resistant 
Nickel  Alloys 
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•Mechanical  properties  after  aging. 


l)  Property;  2)  Monel  metal;  3)  Monel;  4)  Inconel;  5)  Hastelloy;  6)  Nl- 
onel;  7)  Illlum  0;  8)  material  fonn;  9)  rolled  stock;  10)  castings;  11) 


);  13)  In  range;  14)  (cal/cm-sec-* 
17)  hot  working  temperature  (*C). 


C); 


15)  (cal/g- 


Monel  S  Is  used  for  cast  parts  operating  In  aggressive  media  with 
friction  and  sliding  (valve  seats,  for  example)  and  also  for  parts  re¬ 
quiring  high  pressure  tightness. 

Inconel  Is  used  for  parts  of  high  strength  and  high  corx*oslon  re¬ 
sistance  operating  In  oxidizing  media,  and  also  for  parts  operating  at 
high  temperatures.  It  is  not  recoonended  for  operation  at  temperatures 
above  8l5*  in  media  containing  sulfur  compounds. 

Hastelloy  A  (El460)  Is  used  for  detail  parts  of  equlpaient  operat¬ 
ing  In  hydrochloric  acid  at  temperatures  to  70*,  In  sulfuric  acid  di¬ 
luted  to  50Jt  at  temperatures  up  to  the  boiling  point.  It  Is  not  recom¬ 
mended  for  use  In  oxidizing  media.  This  alloy  machines  satisfactorily, 
may  be  deformed  in  the  hot  and  cold  conditions.  The  optlsutl  combination 
of  corrosion  resistance  and  strength  Is  obtained  after  water  or  air 
iiuench  from  1130-1175*>  This  alloy  welds  satisfactorily  using  gas, 
electric,  and  argon-arc  welding. 
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Hastelloy  B  (El46l)  serves  for  fabricating  detail  parts  of  equip¬ 
ment  operating  In  hydrochloric  acid  of  all  concentrations  at  tempera¬ 
tures  up  to  the  boiling  point  and  also  In  other  nonoxldlzlng  acids 
(phosphoric,  sulfuric  with  concentration  to  60$t).  It  Is  not  recommended 
for  use  in  oxidizing  media.  It  Is  used  for  operations  In  air  up  to  76(f. 
This  alloy  deforms  and  welds  satisfactorily.  The  best  combination  of 
corrosion  resistance  and  strength  of  the  alloy  Is  achieved  after  air  or 
water  quench  from  1175** •  Quench  from  1050-1060“  with  a  soak  time  of  2-4 
hours  Is  also  used.  Tempering  at  750“  for  100-200  hours  Increases  the 
alloy  haxKlness  to  RC  45-50.  It  Is  satisfactorily  welded  using  gas, 
electric,  and  atomic -hydrogen  welding. 

Hastelloy  C  (EI375)  Is  used  for  detail  parts  of  equipment  operat¬ 
ing  at  moderate  temperatures  In  oxidizing  media  (moist  chlorine,  hypo¬ 
chlorite,  ferric  chloride,  cupric  chloride,  nitric  acid,  phosphoric 
acid,  mixture  of  hydrochloric  acid  with  sulfuric  acid  under  oxidizing 
conditions,  sea  water,  many  organic  media.  Including  acetic  and  formic 
acids  and  their  salts).  It  Is  used  for  operations  In  air  to  1090“.  It 
la  not  recommended  for  operation  In  nitric  acid  at  temperatures  above 
50*.  Itils  alloy  is  satisfactorily  welded  using  gas,  arc  and  hydrogen 
welding.  It  Is  produced  in  the  fonn  of  sheet,  plate  and  castings.  Opti¬ 
mal  corrosion  resistance  and  strength  are  obtained  after  water  quench 
from  1220*. 

Hastelloy  D  Is  used  for  cast  parts  operating  with  hot  solutions  of 
sulfuric  acid  of  all  concentrations  up  to  70*.  The  cori»osion  resistance 
of  the  alloy  diminishes  In  highly  concentrated  solutions  of  sulfuric 
acid  (70-90Ji)  at  temperatures  above  70*.  It  Is  not  recommended  for  use 
In  strongly  oxidizing  media.  This  alloy  has  high  hardness  and  Is  very 
difficult  to  work.  Anneallr^  at  1050-1080*  for  2-4  hcmrs  with  subse¬ 
quent  slow  coc  J.ng  Is  used  to  lB5)rove  the  machlnablllty.  TTie  alloy  Is 
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cast  Into  earth  or  chill  molds. 

f  Haistelloy  F  Is  used  for  detail  parts  of  equipment  operating  in 

contact  with  acids  and  alkalis  in  oxidizing  and  reducing  conditions.  It 
has  good  resistance  to  stress  corrosion  in  chloride  solutions.  It  is 
produced  in  the  form  of  sheet,  rod,  and  castings.  The  best  corz^^sion 
resistance,  strength,  and  workability  are  achieved  after  water  or  air 
quench  from  1175“* 


Pig.  1.  Stress -rapture  strength  after  100  hours  of  the  Hastelloy  alloys 

o 

A,  B,  C,  X.  l)  kg/nm  ;  2)  temperature,  “C. 


Pig.  2.  Stress -rupture  strength  after  1000  hours  of  the  Hastelloy  al¬ 
loys  A,  B,  C,  X.  l)  ®2000'  2)  temperature,  *C. 


1 

I 

f 


Nionel  serves  for  the  fabrication  of  containers  for  storing  phos¬ 
phoric  and  sulfuric  acids,  hot  solutions  of  caustic  soda.  It  may  also 
be  used  in  oxidizing  media. 

Illiuo  0  is  used  for  high-strength  cast  parts  in  chemical  machin¬ 
ery  construction,  for  pujiq>  parts,  and  for  parts  of  equipment  in  the 
viscose  industry.  It  has  good  resistance  to  the  action  of  sulfuric, 
phosphoric,  nitric,  and  organic  ^cids,  mixtures  of  mineral  acids  and 
salts,  and  as  also  to  the  action  of  sea  water,  fluorine  and  sulfur  com¬ 
pounds  SO^).  It  is  not  recomaended  for  operation  in  contact  with 

the  halogens  and  their  acids. 

In  addition  to  the  foreaentioned  Hastelloy -type  corrosion -reals - 
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tant  all03's,  the  following  special  high -temperature  alloys  of  this  same 
type  are  widely  used.  Hastelloy  W,  which  has  high  mechanical  properties 
and  Is  used  for  fabricating  labyrinth  rings  for  gas  turbine  engines. 
This  alloy  welds  satisfactorily  using  various  forms  of  welding  with  the 
use  of  filler  metal  of  the  same  composition.  Hastelloy  X,  which  Is  used 
for  detail  parts  of  gas  turbine  engines  (structural  rings,  gas  collec¬ 
tor  housing,  detail  parts  of  the  nozzle  ring  and  combustion  chamber). 

It  welds  well.  In  comparison  with  the  other  weldable  alloys  It  has 
higher  strength  at  high  temperature. 

The  stress -rupture  strength  of  some  of  the  Hastelloy -type  alloys 
Is  shown  In  Pigs.  1  and  2. 

References;  Babayev,  B.A.  ,  Nlkelevyye  splavy  Hastelloy  [Hastelloy 
Nickel  Alloys],  Amerlkanskaya  tekhnika  1  promyshlennost '  [American  En¬ 
gineering  and  Industry],  19^5,  No.  4;  Chisholm,  C.G. ,  "Weld.  J. ,"  1946, 
Vol.  25,  No.  12;  Metals  Handbook,  Vol.  1,  Novelty  (Ohio),  [I961], 

(ASM). 

V.  P,  Batrakov,  F.  P.  Khlmushln 
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ACOUSTIC  DEFECTOSCOPY  -  techniques  for  detecting  flaws  In  multi¬ 
layered  metallic  and  nonmetalllc  structures  and  various  combinations  of 
them,  separation  In  laminated  plastics  and  certain  other  defects  In 
other  products;  they  are  based  on  the  use  of  elastic  (usually  bending) 
vibrations,  usually  in  the  audible  (below  20  kc)  frequency  range. 

The  Impedance  method  Sometimes  known  as  the  reaction  method)  Is 
based  on  evaluation  of  the  mechanical  resistance  (mechanical  Impedance) 
of  the  product  being  examined  at  the  point  of  Its  contact  with  a  pickup 
that  sets  the  structure  into  elastic  vibration.  Used  In  detecting  flaws 
In  bonded,  solder Jd  and  other  types  of  Joints  between  a  thin  skin  and 
stiffening  elements  (spars,  ribs,  etc.)  or  fillers  (foam  plastics,  hon¬ 
eycomb  panels,  and  the  like)  in  multilayered  structures.  Usually,  the 
mechanical  Impedance  Is  evaluated  from  the  amplitude  of  the  product's 
reaction  force  to  the  vibrating  pickup  In  contact  with  it.  A  block  dia¬ 
gram  of  an  Impedance  defectoscope  appears  In  Pig.  1,  The  sound  genera¬ 
tor  supplies  the  upper  piezoelectric  element,  which  excites  elastic  vi¬ 
brations  in  the  pickup  rod.  The  variable  componert  of  the  reaction 


Pig.  1.  Block  diagram  of  acoustic  Impedance  defectoscope;  l)  Sound  gen¬ 
erator;  2)  piezoelectric  element;  3)  rod;  4)  piezoelectric  element;  5) 
amplifier;  6)  needle  Indicator;  7)  relay  device;  8)  signal  lamp;  9) 
contact  terminal  piece. 
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force  and  the  voltage  across  the  lower 
piezoelect  Ic  element,  which  Is  propor¬ 
tional  to  the  former,  will  be  larger  the 
higher  the  mechanical  Impedance  of  the 
product  at  the  point  of  contact  with  the 
sensor.  If  there  is  no  flaw  in  the  Joint, 
and  the  structure  is  vibrating  as  a  sln- 

Plg.  2.  General  appearance  gle  unit,  the  Impedance  is  determined  by 
of  IAI>-2  Impedance  defec- 

toscope.  the  rigidity  of  the  entire  section  and  is 

rather  large.  If  there  is  a  flaw  in  the 
Joint,  the  segment  of  skin  that  has  sep¬ 
arated  from  the  internal  element  will  vi¬ 
brate  Independently,  so  that  there  will 
be  a  sharp  decrease  in  the  mechanical  im¬ 
pedance  and  the  signal  level  at  the  lower 


Pig.  3*  Specimen  flaw  re¬ 
cording  from  bonded  Joint 
in  large  honeycomb  panel. 


piezoelectric  element  and,  consequently, 
at  the  output  of  the  amplifier.  Defects 
are  announced  by  a  signal  lamp  in  the 
pickup  and  can  also  be  read  off  the  out¬ 


put  indicator.  This  technique  makes  it  possible  to  detect  flaws  in 
Joints  between  Internal  elements  of  a  structure  and  the  skin  with  which 
the  pickup  Is  encountered;  In  sandwich  structures  with  two  skins,  each 
skin  is  checked  separately.  The  IAD-1  and  IAD-2  defectoscopes  are  used 
in  control  work.  The  IAD-2  instrument  (Plg.  2)  has  a  working  frequency 
range  extending  from  1  to  8  kilocycles.  The  power  supply  is  220- volt, 
50-cycle  alternating  current;  the  device  draws  100  va  and  weighs  11  kg. 
During  operation,  the  operator  moves  the  pickup  over  the  surface  of  the 
object,  watching  the  signal  laimp.  The  dimensions  and  shapes  of  flaws 
are  evaluated  by  using  the  pickup  to  outline  the  zone  at  which  the 
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Joint  Is  broken.  This  procedure  la  used  to  detect  flaws  In  products 

made  from  various  metallic  and  nonmetalllc  (glass-reinforced  textollte, 

plastics,  delta  wood,  etc.)  materials  provided  that  the  skin  material 

has  a  sufficiently  high  elastic  modulus.  Control  Is  Impossible  from  the 

side  of  the  material  having  small  elastic  modulus  (mibber,  foam  plastic, 

etc.).  The  material  of  the  Internal  element  of  the  structure  makes  no 

difference.  Separation  In  laminated  nonmetalllc  materials  (for  example, 

glass-reinforced  plastics)  situated  at  depths  ranging  up  to  3-4  ram  but 

not  exceeding  half  the  section  can  also  be  detected  by  the  Impedance 

method.  The  sensitivity  of  the  method  Is  determined  by  the  parameters 

of  the  structures  being  controlled.  With  Increasing  skin  rigidity  and 

increasing  rigidity  of  the  internal  element  of  the  object,  sensitivity 

2 

rises.  The  minimum  area  of  defect  that  can  be  detected  Is  1^20  mm  . 

The  limiting  skin  thickness  for  aluminum  alloys,  given  a  sufficiently 
rigid  internal  structural  element,  Is  2  mm  for  control  by  the  impedance 
method.  The  dependability  and  efficiency  of  the  Joint  checkout  may  be 
increased  by  mechanizing  the  control  process  and  recording  the  results. 
Figure  3  shows  a  trace  of  flaws  In  thebonded  Joint  between  the  skin  and 
filler  in  a  large  honeycomb  panel,  as  obtained  on  a  semiautomatic  PI-1 
apparatus.  The  defects  appear  In  the  form  of  light  spots.  The  diagram 
gives  a  complete  picture  of  the  number,  dimensions,  shape  and  positions 
of  the  flaws  detected. 

The  method  of  free  oscillations  (sometimes  called  the  vibration 
method)  Is  based  on  impact  excitation  of  the  product  to  be  controlled 
and  analysis  of  the  nature  Its  damping  natural  vibrations.  It  la 
used  to  detect  zones  of  Joint  separation  (usually  In  bonded  Joints)  be¬ 
tween  elements  of  multilayered  metallic,  nonmetalllc  and  combined  struc¬ 
tures,  detection  of  separation  In  nonmetalllc  products,  etc.  In  the 
simplest  variant  of  the  method  (tapping),  the  operator  detects  flaws  by 


35 


I-l4a3 


Pig.  4.  Block  diagram  of  defectoscope  working  by  the  free-osclllatlon 
method:  l)  Vibrator;  2)  piezoelectric  receiver;  3)  filter;  4)  amplifier; 
5)  Indicator;  6)  power  unit. 


Pig.  5.  Block  diagram  of  apparatus  for  defectoscopy  by  the  natural-fre¬ 
quency  method  (USA),  l)  Vibrator;  2)  sound  generator;  3)  product  being 
tested;  4)  microphone;  5)  amplifier;  6)  vacuum-tube  voltmeter;  7)  elec¬ 
tronic  oscilloscope;  8)  workpiece  supports. 

ear,  1. e.,  by  the  change  In  the  tone  of  the  sound.  The  use  of  apparatus 
eliminates  subjective  errors  In  evaluating  product  quality  and  expands 
the  potential  of  the  method.  A  block  diagram  of  a  defectoscope  working 
on  the  free-osclllatlon  method  appears  In  Pig.  4.  The  defectoscope  pick¬ 
up  contains  a  vibrator  that  periodically  strikes  the  surface  of  the 
product  to  be  controlled  and  a  piezoelectric  receiver,  which  converts 
the  damped  pulses  of  elastic  oscillations  Into  electrical  signals.  Af¬ 
ter  filtering  and  amplification,  these  signals  are  fed  to  the  needle 
Indicator.  If  there  Is  a  flaw  In  the  Joint,  the  nature  of  the  pulses, 
and  particularly  their  frequency  spectrum,  changes;  the  defectoscope 
filter  blocks  out  those  frequency  components  of  the  pulses  that  corres¬ 
pond  to  sound  regions  of  the  product.  The  presence  of  a  defect  causes 
higher- frequency  components  to  appear  In  the  pulse  spectinun;  these  pass 
through  the  filter  and  deflect  the  needle  of  the  output  Indicator.  The 
type  ChIKP-1,  ChIKP-2  and  other  defectoscopes  are  used  for  controlling 
by  the  free-osclllatlon  method.  The  ChIKP-2  Instrument  consists  of  two 
modules  -  a  measuring  module  weighing  1  kg  and  a  power  pack  weighing 
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4.5  icg*  Power  Is  by  220-volt  50-cycle  alternating  current;  the  power 
drawn  Is  200  va.  In  the  control  procedure,  the  operator  presses  the 
pickup  against  the  surface  of  the  product  to  be  Inspected,  watching  the 
defectoscope  output  Indicator  readings.  Sensitivity  diminishes  with  In¬ 
creasing  depth  of  the  flaw.  The  extent  of  the  flaw  Is  evaluated  by  out¬ 
lining  with  the  pickup.  The  ChIKP-2  defectoscope  can  detect  separations 
and  broken- joint  zones  between  nonmetalllc  coatings  and  the  base  (which 
Is  usually  metallic).  With  a  coating  thickness  5  to  8o  mm  thick,  tha 

p 

smallest  defect  that  can  still  be  detected  ranges  from  2  to  8  cm  ,  res¬ 
pectively. 

Unlike  the  Impedance  method,  the  fre-^.-osclllatlon  method  Is  used 
to  detect  separations  and  joint  defects  situated  at  depths  to  several 
tens  of  millimeters.  It  Is  particularly  effective  In  checking  for  bond¬ 
ing  defects  between  sheets  of  nonmetalllc  materials,  which  have  poor 
conductivity  for  elastic  vibrations  (textollte,  asbotextollte,  plj*wood, 
and  the  like),  as  well  as  between  nonmetalllc  materials  and  a  metal.  In 
the  latter  case,  the  control  Is  usually  performed  on  the  nonmetalllc 
side. 

The  natural-frequency  method  Is  based  on  measurement  of  resonance 
frequencies  in  bending  vibrations.  It  is  used  In  the  USA  to  evaluate 
bond  quality  and  detect  cracks  In  abrasive  grinding  wheels.  It  can  be 
used  to  control  other  products.  Figure  5  shows  a  block  diagram  of  an 
apparatus  (USA)  for  defectoscopy  by  this  method.  The  vibrator,  which  Is 
fed  by  a  sound  generator,  excites  bending  vibrations  In  the  product  be¬ 
ing  controlled.  The  product  is  mounted  on  supports  that  coincide  with 
the  nodes  of  Its  vibrations.  A  microphone  converts  the  sound  waves  ra¬ 
diated  by  the  object  Into  an  electrical  voltage.  After  amplification, 
this  voltage  is  fed  to  a  vacuum-tube  voltmeter  and  the  plates  of  an 
electronic  oscilloscope.  The  signal  from  the  generator  goes  to  the  oth- 
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er  pair  of  oscilloscope  plates;  by  varying  Its  frequency,  we  may  deter¬ 
mine  the  fundamental  resonance  frequency  of  the  object  from  the  maximum 
voltmeter  reading.  The  oscilloscope  makes  It  easier  to  find  this  fre¬ 
quency  by  helping  separate  it  from  the  harmonics  (using  Llssajous  fig¬ 
ures).  In  quality-control  work  on  abrasive  grinding  wheels,  a  decline 
In  bonding  quality  or  the  presence  of  tracking  lowers  the  natural  fre¬ 
quency,  and  this  serves  as  a  basis  for  Identifying  rejects. 


References ;  Lange,  Yu.V. ,  Sovremennyye  metody  defektoskopll  kleyev- 
ykh  Boyedlnenly  [Modem  Methods  of  Defectoscopy  of  Bonded  Joints],  In 
collection  entitled:  Kiel  1  tekhnologlya  sklelvanlya  [Adhesives  and 

Bonding  Technique],  Moscow,  I96O;  - ,  Nekotoryye  novyye  prLmenenlya 

upruglkh  kolebanly  v  defektoskopll  [Certain  New  Applications  of  Elastic 
Vibrations  in  Defectoscopy],  "ZL,”  1959,  Vol.  25,  No.  7;  - ,  Nekotory¬ 

ye  Kharakterlstlkl  akustlcheskogo  Impedansnogo  metoda  defektoskopll 
[Certain  Characteristics  of  the  Acoustic  Impedance  Method  of  Defecto¬ 
scopy],  - ,  i960,  Vol.  26,  No.  7;  Lange,  Yu.  V.,  Defektoskoplya  soye- 

dlnenly  v  mnogosloynykh  konstruktslyakh  [Defectoscopy  of  Joints  In  Mul¬ 
tilayered  Structures],  Moscow,  1962  (Peredovoy  nauchno-tekhn.  1  prolzv. 
opyt.  [Advanced  Scientific-Technical  and  Production  Experience],  Topic 
14,  No.  M-62-262/9);  Nondestructive  testing  handbook,  Vol.  2,  N.Y. , 

1959. 


Yu.V.  Lange 
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ACOUSTIC  PjROPEKPIES  -  properties  characterizing  the  behavior  of 
materials  toward  sound  waves  (ZV).  One  of  these  properties  Is  the  velo- 
clty  of  propagation  of  the  ZV,  which  Is  determined  by  the  formula 

where  p  Is  the  density  and  K  Is  a  coefficient  taking  account  of 

the  elastic  properties  of  the  medium.  The  speed  of  sound  depends  on  the 
nature  of  the  ZV  (longitudinal  or  transverse)  the  state  of  the  medium 
and  the  temperature. 

When  a  ZV  strikes  an  obstacle,  part  of  the  energy  Is  reflected, 
while  the  rest  enters  the  obstacle,  where  It  Is  pai*tle  absorbed  by  the 
work  of  friction  In  the  material  and  partly  radiated.  The  property  of 
materials  by  which  they  absorb  ZV  energy  Is  characterized  by  the  sound 
absorption  coefficient  a,  l.e.,  the  ratio  of  the  sound-wave  energy  ab¬ 
sorbed  by  the  material  to  the  energy  of  the  Incident  wave.  The  sound 
absorption  coefficient  depends  on  the  frequency  of  the  ZV,  the  state  of 
the  material  and  Its  dimensions.  It  la  particularly  large  for  gaseous 
and  solid  substances  with  small  open  pores. 

The  ratio  of  the  Intensity  of  the  sound  that  has  parsed  through 
the  material  to  the  Intensity  of  the  Incident  ZV  Is  known  as  the  acous¬ 
tic  permeability  coefficient  t.  Engineering  also  »48e8  the  sound  Insula¬ 
tion  coefficient  a,  which  Is  the  reciprocal  to  t. 

The  reflected  part  of  the  ZV  Is  characterized  by  the  sound  reflec¬ 
tion  coefficient  0,  which  la  the  ratio  of  the  reflected  ZV  Intensity  to 
the  Incident  Intensity.  The  coefficient  0  Influences  reverberation, 
l.e.,  the  continuation  of  the  sound  after  the  soujr^e  has  ceased  sound- 
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TABLE  1 

Velocity  of  Sound  Propagation  In  Various  Substances 
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Substance 
Temperature  (“C) 


6)  Nitrogen 
7  Helium 
o,  Carbon  monoxide 

9)  Carbon  dioxide 

10)  Water  vapor 


17)  Water 
18  Alcohol 
19)  Glycerine 
20'  Ethyl  ether 
21)  Chlorofoi^ 


3)  Density  (g/cm^) 

I  4)  Speed  of  sound  (m/sec) 

5)aases 

11)  Hydrogeoi 

12)  (^gen 
13,  Methane 
iU)  Chlorine 
15}  Air 

16)  ijlquids 

22)  Carbon  disulfide 

23)  Kerosene 

24)  Gasoline 

25)  Carbon  tetrachlor¬ 
ide 

26 »  Solids 


27)  Alumlnuni 
28^  Magnesium 

29  Copper 

30  Nickel 

31)  Tin 

32)  Gold 

33)  Granite 
34  Hardwood 
35 i  Cadmium 

36  Lead 

37  Zinc 
38)  Steel 


39)  Constantan 

40)  Manganln 
4li  Brass 

42,  German  silver 

43,  Bronze 
44)  Paraffin 
45'  Marble 
46^  Ice 

47  Crystal  quartz 
4o)  Organic  glass 
49)  Natural  rubber 
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l)  Material;  2)  thickness  (mm);  3)  sound  absorption  coefficient  at 
sound  wave  frequency  of  (cps);  4)  asborlte;  5)  asboslllcate  ASA;  6)  as 
bestite  ATsA;  7)  acoustollte  ASP;  6)  ATlMKh-10  aviation  Insulating  mat¬ 
erial;  9)  ATIMJCh-15  aviation  Insulating  material;  10)  concrete;  11) 
felt;  12'  flbxK)acoustlte;  13)  linoleum  on  concx*ete  base;  14)  vemlcu- 
llte;  13)  mineral  wool;  I6)  foam  glass;  17)  window  glass;  16)  marble; 
19)  rubber. 

TABI£  3 

Sound  Insulation  Coef¬ 
ficients  of  Various 
Materials 


1)  Material;  2)  sound  Insulation  coefficient  (db);  3)  aluminum;  4) 
steel;  5)  lead;  6)  window  glass;  7)  concrete  wall;  o)  3-ply  plywood. 


Ing. 

The  three  coefficients  are  linked  by  the  i^latlcnchlp  a  0  t  • 
•  1.  The  acoustic  permeability  coefficient  Is  generally  much  smaller 


than  the  others. 
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References:  Dreyzen.  I.O. ,  Kui '  clcktroakustlkl  [Course  In  Elec¬ 
troacoustics],  Vol.  1,  Moscow,  1938;  Key,  D.  and  Lebl,  T. ,  Slravochnlk 
flzlka-eksperlmentatora  [Handbook  of  the  Experimental  Physicist],  trans¬ 
lated  from  the  English,  Moscow,  1949;  lofe,  V.K.  and  Yanpol'skly,  A. A., 
Rasohetnyye  graflkl  1  tablltsy  po  elektroakustike  [Working  Diagrams  and 
Tables  In  Electroacoustics],  Moscow-Lenlngrad,  1954;  Bedllo,  A.T. ,  Zvu- 
Icolaollruyushchlye  1  zvukopogloshchayushchlye  materlaly  1  Izdcllya 
[Sound«>In8ulatlng  and  Sound-Abs orbing  Materials  and  Products],  L'vov, 
1957;  Subley,  R.Ye.,  Akustlka  [Acoustics],  Klev,1959. 

V. V.  Korolev 

[Transliterated  Symbols] 

3B  =  ZV  =  zvukovaya  volna  =  sound  wave 
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ACOUSTIC  RESISTANCE  (specific  acoustic  Impedenco)  -  the  ratio  of 
the  applied  acoustic  pressure  (in  bars)  to  the  acoustic  velocity  (the 
velocity  of  particle  vibration  due  to  the  sound): 


5--P « 

where  r  is  the  acoustic  resistance,  p  Is  the  density  of  the  medium,  c 
Is  the  velocity  of  propagation  of  sound  in  the  medium,  £  Is  the  acous¬ 
tic  pressure  and  v  Is  the  acoustic  velocity.  The  acoustic  resistance 
characterizes  the  ability  of  the  medium  to  absorb  energy  from  a  sound 


soui*ce  oscillating  with  a  given  amplitude. 

Acoustic  Resistances  of  Oases,  Liquids 
and  Solids 
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l)  Medium  2)  Acoustic  ^sls- 

tance‘10"**  (g/ 
/cm^^sec) 


3)  Oases 


4) 

5, 

6, 


Hydrogen 
Water  vapcr 
Methane 


Air  (dry) 

Oxygen 

Carbon  monoxide 
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10 )  Liquids 

11)  Gasoline  I5)  Sea  water  (salinity 

12)  Alcohol  0.036  0/00) 

13)  Kerosene  I6)  Mercury 

14)  Water  (fresh)  17)  Transformer  oil 

18)  Solids 


19)  Lead  26) 

20)  Aluminum  27) 

21)  Brass  28) 

22)  Cast  iron  29) 

23)  Magnesium  30) 

24)  Polystyrene  31) 

25)  Nickel  32) 

33) 


Copper 

Steel 

Glass 

Quartz  (along  X-axis) 
Wood  (oak) 

Paraffin 

Rubber 

Bakellte 


References;  Furduyev,  V.V. ,  Elektroakustika  [Electroacoustics], 
Moscow- Leningrad,  19^8;  Landau,  L.D. ,  Llfshits,  Ye.M.,  Mekhanlka  splosh- 
nykh  sred  [Mechanics  of  Continuous  Media],  Moscow,  195^;  Krasil'nikov, 

V. A. ,  Svukovyye  1  ul' trazvukovyye  volny  v  vozdukhe,  vode  1  tverdykh 
telakh  [Sonic  and  Ultrasonic  Waves  in  Air,  Water  and  Solids],  3rd  Ed., 
Moscow,  196O;  Skuchlk,  Ye.,  Osnovy  akustlkl  [Fundamentals  of  Acoustics], 
translation  from  the  Geiman,  Vol.  1-2,  Moscow,  1958-59* 


V.V.  Korolev 
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ACKSfLAN  —  synthetic  carbon-chain  modified  polyacrylonitrile  fiber 
based  on  the  mixture  of  copolymers  of  acyllc  acid  nitrile  with  vinyl 
acetate  (95:5J^)  and  acrylic  acid  nitrile  with  2-methylvlnylpyrldlne 
(50:505^).  Aery  Ian  Is  stable  to  sunlight  and  biological  attack,  and  does 
not  dissolve  or  swell  in  ordinary  organic  solvents.  Sp.  gr.  1.17;  mois¬ 
ture  content  1.27/S  under  standard  conditions;  residual  moisture  on  dry¬ 
ing  1.6jS.  Loses  5/S  of  strength  on  heating  for  20  hours  at  150®.  The  di¬ 
electric  constant  (frequency  60  cps)  is  4.5*  Aery Ian  is  readily  dyed 
with  acid,  basic,  and  vat  dyes,  as  well  as  by  acetate-fiber  dyes.  The 
breaking  length  of  acrylan  Is  22.5  tan  dry  and  13  km  wet;  the  respective 
elongations  are  35  and  445S.  The  elasticity  (reversible  deformation)  for 
an  elongation  of  25S  Is  99^>  but  only  67jS  for  lOjS  elongation.  As  regards 
resistance  to  rubbing,  acrylan  Is  Inferior  to  polyamide  and  polyester 
fibers,  but  better  than  wool.  Acrylan  is  mixed  with  cotton  for  use  In 
the  fabrication  of  special  clothing  for  workers  In  the  chemical  Indus¬ 
try.  35-455^  of  hlgh-shrlnkage  fiber  Is  added  to  ordinary  stable  fiber 
to  produce  a  hlgh-volume  yarn.  Acrylan  products  are  distinguished  by 
shape  and  dimensional  stability. 

L.M.  Muslchenko 
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ACRYLATE  LATICES  are  la t ices  of  rubber -like  copolymers  of  the 
acrylic  or  metacrylic  esters  with  other  monomers.  The  properties  of  the 
products  and  films  made  from  the  acrylate  latices  are  determined  by  the 
composition  of  the  copolymer.  The  products  made  from  the  latices  based 
on  the  saturated  polymers  (for  example,  nitrile -acrylate )  are  outstand¬ 
ing  in  their  high  resistance  to  atmospheric  influences,  to  the  action 
of  ultra-violet  rays,  ozone,  heat,  etc.  Products  made  from  the  di vinyl 
acrylate  latices  have  outstandingly  high  elasticity  and  frost  resist¬ 
ance.  The  presence  in  the  polymer  of  the  divinyl  bonds  makes  possible 
the  conduct  of  the  sulfur  vulcanization  process,  but  decreases  the  re¬ 
sistance  of  the  films  to  atmospheric  Influences.  The  acrylate  latices 
contain  polar  polymers  which  integrate  well  with  the  polar  resins  and 
do  not  dissolve  in  the  aliphatic  hydrocarbons.  A  general  property  of 
the  acrylate  latices  is  the  excellent  luster  of  the  films  obtained  from 
them. 

Among  the  acrylate  latices  based  on  the  saturated  polymers,  use 
is  made  of  the  copolymer  ethylacrylates  (Lactoprene  E,  Hycar  PA-21,  Hy- 
car  4021)  and  the  butylacrylates  (Lactoprene  BN).  The  vulcanlzates 
based  on  the  ethylacrylate  latices  have  a  brittle  temperature  of  -8® 
and  have  high  oil  resistance.  Aging  for  3  days  at  175°  does  not  cause 
noticeable  reduction  of  strength  of  the  products.  Products  made  from 
Lactoprene  BN  are  characterized  by  resistance  to  the  action  of  hot  oils, 
heating  to  high  temperatures  in  the  air,  atmospheric  attack,  and  a  com¬ 
paratively  low  brittle  temperature  (-27®).  Vulcanization  can  be  accom¬ 
plished  by  introduction  into  the  latex  of  sulfur  and  trlethylene  tetra- 
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mine.  At  the  present  time  the  widest  application  has  been  made  of  the 
acrylate  latlces  with  unsaturated  acrylate  elastomers  obtained  by  copo> 
lymerlzatlon  of  methacrylate  with  dlvlnyl  (for  example,  the  Butakons 
ML  501,  ML  507,  ML  508  and  ML  590). 

The  dlvlnyl  acrylate  latlces  are  widely  used  In  the  paper  Indus¬ 
try  as  binders  for  pigments  in  the  production  of  rubberized  paper  and 
cardboard.  The  application  of  coatings  made  from  caolln  or  a  mixture  of 
caolln  with  pigments  with  the  use  of  casein,  animal  glue  or  starch  with 
ML  501  latex  as  a  blnuer  improves  the  luster^  the  surface  appearance, 
the  water  resistance,  texture,  and  suitability  of  the  paper  for  print¬ 
ing.  The  ML  507  latex  Is  used  for  protection  of  the  paper  surface  In 
the  production  of  washable  wallpapers.  In  the  textile  Industry  use  Is 
made  of  the  ML  508  Butakon  as  the  basis  for  the  preparation  of  adhe¬ 
sives  for  the  laying  of  rugs  and  the  fabrication  of  nonwoven  textile 
materials.  The  dlvlnyl  aczrylate  latlces  (in  particular  the  ML  590  Buta¬ 
kon)  are  widely  used  for  dressing  leather,  since  they  provide  satisfac¬ 
tory  frost  resistance,  good  luster  and  adhesion  and  excellent  oil  re¬ 
sistance  of  the  coating. 

The  acrylate  latlces  whose  production  methods  have  been  develop¬ 
ed  in  the  USSR  contain  ternary  copolymers  of  dlvlnyl,  acrylate  ester 
and  metacryllc  acid.  The  presence  of  carboxyl  groups  In  these  copoly¬ 
mers  atm  further  Improves  the  adhesive  properties  of  the  latlces  and 
the  physical  and  mechanical  properties  of  the  films.  The  l^-80-l  and 
OMMA-65-1  latlces  are  used  for  dressing  leathers,  as  leather  substi¬ 
tutes  In  Industry,  in  the  paper  Industry  and  In  other  fields. 

A. I.  Yezrlyelev,  A.V.  Lebedev 
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ASHESION  (sticlclng)  —  the  formation  of  a  bond  between  two  unlike 
bodies  (phases),  solid  or  liquid,  that  are  brought  into  contact.  The 
appearance  of  the  bond  Is  due  to  forces  of  Interaction  (ionic,  van  der 
Waals,  metallic).  In  the  limiting  case  of  chemical  interaction  between 
the  adhesion  pair  (chemosorption  bond),  a  surface  chemical  compound  is 
formed. 

In  a  number  of  cases  a  double  electric  layer  forms  when  two  unlike 
bodies  are  brought  into  contact:  electric  charges  of  opposite  signs  ap¬ 
pear  on  the  adhesion  pair,  and  their  attraction,  together  with  the  in- 
tennolecular  interaction,  gives  rise  to  adhesion.  In  the  case  of  adhe¬ 
sion  between  high  polymers,  the  principal  role  in  the  fomation  of  the 
adhesion  bond  is  taken  by  diffusion  of  molecules  and  individual  chains 
of  one  polymer  into  the  volume  of  the  other.  The  interweaving  of  the 
chains  produces  tenacious  adhesion,  and  Instead  of  an  Interface  a 
threa-dlmenslonal  transitional  layer  fonns  in  such  cases.  Adhesion  of 
identical  polymers  is  known  as  autohesion.  In  autoheslon,  prolonged 
contact  results  in  transformation  of  the  two  parts  of  the  phase  into  a 
single  one.  In  practice,  adhesion  of  solid  bodies  and  polymers  is  most 
frequently  encountered,  for  example,  in  bonding  materials  ano  applica¬ 
tion  of  polymer  coatings. 

The  extent  of  adhesion  is  evaluated  on  the  basis  of  the  force  (ad¬ 
hesion  strength)  or  work  (work  of  adhesion)  necessary  to  break  the  ad¬ 
hesion  bond.  Instruments  for  measurement  of  adhesion  are  known  as  ad- 
heslometers.  The  most  common  adherlon  testing  procedures  are  for  ten¬ 
sion,  shear  and  peeling.  Adhesion  is  characterized  by  a  force  in  the 
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Fig.  1.  Influence  of  linear  dimensions  d  of  nominal  adhesion-bond  area 
on  Its  strength  o  (schematic). 


Pig.  2.  Influence  of  rate  v  of  process  of  breai^lng  adhesion  bcmd  by 
peeling  on  work  of  adhesion  A  (schematic). 

first  two  cases,  and  by  a  work  In  peeling.  The  force  and  work  of  adhe¬ 
sion  depend  on  the  area  of  actual  r  ‘ntact,  the  speed  at  which  the  ad¬ 
hesion  bond  is  broken,  temperature  and  other  factors.  The  larger  the 
contact  area,  the  greater  will  be  the  adhesion.  The  actual  contact  area 
between  two  bodies  Is  usually  considerably  smaller  than  the  nominal 
area  due  to  surface  roughness.  Exceptions  are  as  follows;  1)  adhesion 
between  two  liquid  phases  (for  exanple.  In  welding),  2)  formation  of  an 
adhesion  bond  by  application  of  a  melt  or  solution  to  the  surface  of  a 
solid  body  with  subsequent  cooling  or  evaporation  of  the  solvent  (sol¬ 
dering,  hot  tinning,  formation  of  paint  coatings,  polymer  films,  adhe¬ 
sive  sandwich  layers),  3)  formation  of  a  second  solid  body  as  a  new 
phase  on  the  surface  of  the  first  solid  body  In  growth  of  two-dimen¬ 
sional  crystallization  nuclei  (for  example,  e lec t r oc rys tall Izat Ion). 
Inoz*easlng  the  duration  of  contact,  the  pressure  and  the  temperature 
Increases  the  actual  contact  area.  In  any  method  of  establishing  con¬ 
tact,  however,  the  adhesion  bond  contains  defects  and  nonun  If  omit  lea, 
which,  when  the  bond  is  broken,  act  as  stress  concentrators.  Failure 
begins  at  these  points  and  this  Is  responsible  for  the  scale  effect. 
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which  consists  In  a  decrease  in  adhesion  strength  with  Increasing  lin¬ 
ear  dimensions  of  the  nominal  contact  area  (Flg<  !)•  The  adhesion 
strength  and  work  of  adhesion  increase  with  increasing  speed  of  the  pro¬ 
cess  in  which  the  Joint  is  broken  (Pig.  2).  This  is  accounted  for  by  an 
increase  In  mechanical  losses  and  electrical  phenomena  related  to  the 

double  electric  layer.  The  free  energy  f^  =  Cj^2  “  *^io  ”  ®20  ^  which 

2 

characterizes  the  loss  of  free  energy  per  1  cm  of  adhesion-seam  sur¬ 
face  In  the  Isothermally  reversible  adhesion  process,  is  the  thermody¬ 
namic  characteristic  of  adhesion.  Here,  surface  tension  of 

adhesion  bond,  c^q  is  the  surface  tension  of  one  body  (phase),  and  a^Q 
is  the  surface  tension  of  the  other  body  (phase).  The  work  of  adhesion 
(in  iscchemally  reversible  rupture)  Measurements  of  adhe¬ 

sion  encounter  a  number  of  difficulties.  Among  other  things,  rupture  of 
a  stx*ong  adhesion  bond  la  frequently  of  mixed  adhesive-cohesive  nature 
(rupture  takes  place  partly  Inside  the  body  with  the  lower  strength). 

References ;  Adam,  N.K.  Flzika  1  khlmlya  poverkhnostl  [Physics  and 
Chemistry  of  Surfaces],  translated  from  the  English,  Moscow- Leningrad, 
1947;  Krotova,  N.A.  0  sklelvanli  1  prlllpanll  [Bonding  and  Adhesion], 
Moscow,  1956;  Deryagln,  B.V.  and  Krotova,  N.A. ,  Adgezlya  [Adhesion], 
Moscow-Lenlngrad,  1949;  Voyutskiy,  S.S.,  Autogezlya  ’  adgezlya  vysokopo- 
llmejTOv  [Autoheslon  and  Adhesion  of  High  Polymers],  cow,  i960. 

O.M.  Bartenev 
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AlXiESIVE-BONDED  AND  RIVETED  JOINT  -  Is  a  permanent  combined  Joint 
of  materials  by  means  of  an  adhesive  and  of  rivets.  It  differs  from  the 
adhesive  Joint  by  a  higher  (by  times)  strength  especially  In  the 

case  of  nonuniform  peeling  off^  and.  In  Joints  of  heatproof  materials, 
under  the  effect  of  heat,  and  also  by  a  higher  reliability  during  a 
long-time  service  (the  aging  of  the  adhesive  has  a  lower  effect  on  the 
strength  of  the  combined  Joint).  The  la5)act  strength  of  the  adhesive- 
bonded  and  riveted  Joint  Is  higher,  and  the  process  of  destruction  Is 
delayed.  The  compression  strengths  of  diverse  Joints  between  the  skin 
and  the  carrying  elements  of  a  Duralumin  panel  are  quoted  In  the  Table 
(the  height  Is  II30  mm,  the  thickness  of  the  skin  Is  1. 1-1.4  nn,  the 
size  of  the  edge  profiles  is  30  x  30  mm,  and  the  open  space  between 
them  is  163  mm,  A  VK-32-£M  adhesive  was  used). 
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1)  Test  temperature  (**C);  2)  critical  stress  in  the  skin  of  the  adhe¬ 
sive-bonded  and  riveted  panel  (kg/mn^);  3)  relative  strength  of  the 
panels  (in  the  strength  of  the  adhesive-bonded  and  riveted  panel  Is 
assumed  to  be  lOO^t);  4)  aoheslve  Joint;  3)  adhesive-bonded  and  riveted 
Joint. 

Ihe  adhesive-bonded  and  riveted  Joint  differs  from  one  which  Is 
only  riveted  by  a  higher  tightness  and  strength,  especladly  In  the  case 
of  cyclic  loads  (the  durability  of  the  adhesive- oonded  and  riveted 
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Joint  may  be  by  5-10  times  higher).  3  types  of  adhesive -bonded  and  ri¬ 
veted  Joints  are  to  be  distinguished,  based  on  their  design  and  their 
calculated  stability*  1)  a  mainly  adhesive  Joint,  the  rivets  being  ap¬ 
plied  only  In  a  small  quantity  on  places  where  stresses  are  active,  on 
the  edges  of  honeycanb  panels,  for  example;  2)  a  mainly  riveted  Joint, 
the  adhesive  being  applied  only  In  order  to  somewhat  tighten  and  rein¬ 
force  the  Joint  (a  thick  adhesive  layer.  Incomplete  adhesion.  Impossi¬ 
bility  of  curing  the  adhesive  by  heating,  an  adhesive  which  Is  not  re¬ 
sistant  to  heat,  etc. );  3)  a  combined  Joint,  the  calculation  of  which 
must  take  Into  account  both  the  part  of  the  adhesive  and  of  the  rivets. 
Uie  adhesive  used  for  adhesive-bonded  and  riveted  Joints  must  manifest 
an  elasticity  in  the  layer  which  is  sufficient  to  ensure  a  combined 
working  of  the  adhesive  (MPF-1,  BF-2,  BF-4,  PU-2,  VK-32-200,  etc.  )  and 
of  the  rivets,  and  further,  a  fluidity  which  enables  it  to  fill  the  gaps. 
It  Is  expedient  to  use  cold-curing  adhesives. 

The  adhesive -bonded  and  riveted  Joint  may  be  carried  out  In  2  ways; 
the  riveting  Is  done  after  the  adhesive  Is  cured;  In  this  case,  the 
holes  for  the  rivets  are  drilled  previously,  (riveting  by  pressing  is 
recoanended);  or  the  riveting  is  carried  out  before  the  adhesive  is 
cured,  and  the  curing  of  the  latter  occurs  only  in  the  finished  ccan- 
blned  Joint  (In  this  case,  an  equipment  for  pressing  the  adhesive  Is 
not  necessary  because  the  rivets  themselves  press  the  adhesive  Joint). 

A  greater  strength  and  tightness  of  the  Joint  results  by  the  first  me¬ 
thod;  the  second  method  Is  the  more  simple.  It  Is  recommended  that  the 
rivets  be  covered  with  liquid  adJieslve,  that  washers  from  an  adhesive 
film  be  placed  under  the  heads,  and  that  a  surfaclal  tightening  of  the 
Joint  be  carried  out  In  order  to  ensure  tightness. 

Adhesive-bonded  and  riveted  Joints  are  used  for  the  bonding  of 
pieces  of  metal,  plastic,  and  wood  materials,  rarely  of  elastic  or  soft 
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materials  (rubbers,  foamed  plastics,  and  loose  fibrous  heat  Insulation). 

)  The  adhesive  bonded  and  riveted  Joint,  as  well  as  the  riveted  Joint, 
are  unsuitable  for  brittle  materials  (giaas,  ceramics),  llie  adhesive- 
bonded  and  riveted  Joint  may  also  be  used  to  repair  riveted  Joints  un¬ 
der  field  conditions. 

References:  Ooryunov  yu.B.  Prlmenenlye  kleyevykh  1  kleyezaklepoch- 
nykh  soyedlnenly  prl  remonte  samoletov  [The  Application  of  Adhesive  and 
Adhesive-bonded  and  Riveted  Joints  In  the  Repair  of  Aircraft],  In  the 
Collection:  Kiel  1  tekhnologlya  aklelvanlya  [Adhesives  and  the  Techno¬ 
logy  of  Adhesive  Bonding]. 

A.  T.  Tumanov 


AIfIESrVE-B(X^DED  AND  WELDED  JOImT  -  Is  a  permanent  combined  Joint 
of  metals  by  means  of  an  adhesive  together  with  resistance  welding.  Tlie 
conbinatlon  cf  the  process  of  electric  point-welding  (rarely  of  step-by- 
step  contact-roller  welding)  with  the  adhesive -bonding  makes  It  possi¬ 
ble  to  obtain  Joints  in  udilch  many  of  the  disadvantages  are  absent 
which  characterize  both  the  welded  Joints  (nontightness,  for  example), 
and  the  adhesive  Joints  (poor  resistance  to  high  temperatures  or  to  non- 
uniform  peeling  off). 

The  design  of  adhesive-bonded  and  welded  joints  is  similar  to  that 
of  the  Joints  made  by  resistance  point- welding.  The  adhesive  relieves 
the  welding  points  and  this  fact  makes  it  possible  to  increase  the 
steps  between  them  and  to  reduce  their  size;  the  effect  of  the  welding 
on  the  structure  and  the  properties  of  the  basic  metals  is  diminished 
in  this  way,  and  the  strength  of  the  Joint  Is  Increased.  Double-row 
checkered  welding  points  must  be  used  for  the  bonding  of  thick  sheets. 

It  is  expedient  to  arrange  tne  points  in  such  a  manner  that  the  dis¬ 
tance  between  the  center  and  the  edge  of  the  overlap  is  not  greater 
than  the  diameter  of  the  cast  core. 

The  adhesive-bonded  and  welded  Joint  may  be  carried  out  by  several 
methods.  The  1st  method  (the  basic  one)  is  the  electric  point-welding 
on  the  liquid  adhesive  layer  which  is  applied  to  the  entire  surfaces  to 
be  Joined;  the  welding  Is  carried  out  by  machines  of  the  MTIP  type  with 
a  relatively  weak  impulse  of  the  welding  current.  ITjo  2nd  method  Is  the 
resistance  weldli^  of  openings  in  the  adhesiv'e  film  or  in  the  layer  of 
a  rapidly  drying  adhelsve  which  was  applied  dlscontlnuously  by  means  of 
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templates.  This  method  Is  more  laborious  than  the  former.  Its  advantage, 
however,  is  the  fact  that  the  adhesive  does  not  affect  the  forming  pro¬ 
cess  and  the  qualify  of  the  welded  seam,  that  the  time  for  beginning 
welding  Is  not  llxolted  by  the  working  life  of  the  adhesive,  and.  If  an 
adhelsve  film  Is  used,  the  adhesive  does  not  run  out;  these  facts  make 
it  po8sl^yle  to  bond  parts  of  any  shape  and  to  heat  them  (If  the  adhe¬ 
sive  Is  cured  by  heating)  In  any  position.  Welding  on  an  adhesive  film 
Is  carried  out  by  machines  with  a  strong  Impulea  of  current  (mainly,  to 
avoid  gaps  between  the  surfaces  to  be  Jointed.  The  3rd  method  Is  the 
welding  of  the  surfaces  to  be  Joined  and  the  subsequent  extrusion  of 
the  adhesive  Into  the  gaps  between  them.  This  method  is  simple.  It  Is 
used  for  Joining  a  skin  with  profiles  welded-on  by  a  single-raw  seam; 
the  strength  of  this  Joint,  however.  Is  lower  than  welding  carried  out 
on  the  adhesive. 

The  curing  of  the  adhesive  is  carried  out  without  external  pres¬ 
sure;  no  complex  presses  for  the  adhesive-bonding  of  the  pieces  are 
necessary.  Not  every  adhesive  is  adoptable  for  adhesive -bonded  and 
welded  Joints.  Only  such  adhesive  are  applicable  as  those  which  possess 
a  suTflclently  low  viscosity  (if  a  liquid  adhesive  is  used),  which 
evolve  a  minimum  quantity  of  gases  when  heated  in  the  welding  zone, 
whose  contamination  of  the  cast  core  of  the  welding  points  by  nonmetal- 
lic  inclusions  is  insignificant,  which  form  a  stable  Joint  at  low 
pressures  (in  the  range  of  1  kg/cm*^  and  below),  and  which  have  a  suffi¬ 
ciently  long  working  life  (if  a  liquid  adhesive  is  used).  In  most  cases, 
the  epoxy  adhesives  VK32-EX,  VK-1,  FL-4S,  etc.,  are  used  for  resistance 
welding  on  liquid  adhesive.  The  strength  of  an  adhesive-bonded  and  weld¬ 
ed  Joint  depends  upon  a  number  of  factors  in  the  design  and  technology; 
the  type  and  size  of  the  Joint,  the  mechanical  properties  of  the  metals 
to  be  Joined,  the  quantity,  arrangement  and  diameter  of  the  welding 
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points,  the  type  of  the  adhesive,  the  thickness  of  the  bond  line,  the 
welding  conditions,  the  curing  process  of  the  adhesive,  etc.  The 
strength  factor,  i.e.,  the  ratio  of  the  strength  of  the  Joint  to  the 
strength  of  the  basic  metal  is  approximately  equal  to  the  unit  in  the 
case  of  shift]  in  the  case  of  peeling  off,  however,  it  amounts  only  to 
tenths  of  the  former. 

Under  the  condl'’'ions  of  static  shear,  the  adhesive-bonded  and 
welded  Joint  is  usually  more  stable  than  adhesive,  welded  or  riveted 
Joints.  The  typical  strength  of  the  above-mentioned  Joint  types  is 
shown  in  Fig.  1  in  relation  to  the  temperature. 


Fig.  1.  Static  shearing  strength  of  overlapped  Duralumin  Joints:  1)  Ad¬ 
hesive-bonded  and  welded  joint  (VK-1  adhesive);  2)  adhesive  joint  (VK-1 
adhesive);  3)  electric  point-welding;  4)  riveted  Joint  (rivets  with  d  = 

=  5  ram). 

The  adhesive-bonded  and  welded  Joints  surpass  the  adhesive  and  the 
welded  ones  in  regard  to  the  stability  against  nonuniform  peeling  off 
(longitudinal  compress j on,  twisting  of  the  panels  formed  by  a  skin  which 
is  reJnforced  by  struts,  and  peeling  off  the  skin  from  the  frame),  but 
they  may  be  inferior  to  riveted  and,  especially,  to  adhesive-bonded  and 
riveted  Joints. 

The  strength  of  the  adhesive-bonded  and  welded  Joint  in  the  case 
of  shearing  Impacts  is  higher  than  that  of  similar  adhesive,  welded  or 
riveted  Joints.  Investigations  of  the  effect  of  the  design  of  the  Joint, 
of  the  grades  of  the  metal  and  the  adhesive,  of  the  loading  conditions 
and  of  other  factors  on  the  strength  of  the  diverse  types  of  Joints  un- 
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der  cyclic  loads  give  different  results  for  adheslve-bcaided  and  welded, 
adhesive,  welded,  auid  riveted  Joints,  but  carrying  capacity  of  the  ad¬ 
hesive-bonded  and  welded  Joint  is  in  every  case  higher  thar  that  of 
welded  or  riveted  ones. 

The  typical  diagram  of  the  fatigue  strength  of  the  different  types 
of  overlapping  Joints  of  Duralumin  is  shown  in  Fig,  2.  The  nature  of 
adhesive-bonded  and  welded  Joints  occurs  in  the  metal  at  the  edge  of 
the  overlap,  i.e.,  in  the  cone  which  is  not  weakened  by  the  welding 
heat,  whereas  rupture  on  the  boundary  of  the  welding  point  is  character¬ 
istic  for  welded  Joints. 


d,  tmmi  S»  0*m>o0im» 


Fig,  2.  Fatigue  shearing  strength  for  the  overlapping  Joint  of  Duralu¬ 
min:  1)  Adhesive-bonded  and  welded  Joint  (VK-1  adhesive);  2)  adhesive 
Joint  (VK-1  adhesive);  3)  riveted  Joint  (rivets  with  d  «  4  mm);  4) 
electric  point-weldin«  (the  asymmetry  coefficient  of  the  cycle  is  0.1, 
at  normal  temperature).  A)  Stress  in  the  metaT  (maximum  stress  of  the 
cycle),  kg/mm*-;  B)  number  of  cycles  until  rupture  occurs. 

It  is  recommended  that  adhesive -bonded  and  welded  Joints  be  used 
for  the  reinforcing  of  stressed  structures  in  designs  of  aluminum,  mag¬ 
nesium,  or  titanium  alloys  as  well  as  of  low-alloy  stainless  carbon 
steels  in  the  form  of  sheets  and  profiles  with  a  thickness  of  1-4  mm 
and  more. 

References:  Pugachev  A,  I. ,  Tekhnologiya  izgotovlenlya  i  svoystva 
kleyesvarnykh  soyedineniy  Iz  alyuminlyevykh  splavov  [Technology  of  the 
Production,  and  the  Properties  of  Adhesive -bonded  and  Melded  Joints  of 
Aluminum  Alloys],  Moscow,  1959;  Shavyrln  V. N. ,  Kleyesvamyye  kostruktail 
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.  1  Ikh  primenenlye  [Adhesive-Bonded  and  Welded  Designs  and  Their  Appli¬ 
cation],  "Svarochnoye  proizvodstvo”  [Welding  Industry],  1959>  No.  11; 
Pugachev  A.  I.  [et  al.  ],  Kleyesvamyye  soyedlneniya  v  aviakonstruktslyakh 
[Adhesive-Bonded  and  Welded  Joints  in  Arlcraft  Design],  in  the  Collec¬ 
tion  Kiel  1  tekhnologlya  skleivanlya  [Adhesives  and  the  Technology  of 
Adhesive-Bonding],  Moscow,  i960. 

A. T.  Tumanov 
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ADHESIVE  JOINT  —  is  a  permanent  Joint  of  parts  by  means  of  an  ad¬ 
hesive  (without  melting  it),  which  forms  a  thin  layer  (the  bond  line) 
between  the  parts.  The  advantages  of  the  adhesive  Joint  are:  a  method 
to  bond  heterogeneous  materials  together;  tightness;  resistance  to 
corrosion,  electric,  thermal  and  acoustic  Insulation;  absence  of  stress 
concentrators  such  as  holes,  and  —  as  a  result  —  an  increased  stability 
against  vibrations;  continuity  of  the  Joint,  which  contributes  to  the 
stability  of  thin- walled  structural  elements;  the  smooth  outline  of 
the  bonded  parts,  etc.  The  disadvantages  of  the  adhesive  Joints  are;  a 
relatively  low  heat  resistance  caused  by  the  organic  nature  of  the  ad¬ 
hesives;  a  low  peel  strength,  and  resistance  to  "aging.”  Diverse  con¬ 
structive  junctions  are  used  for  adhesive  Joints  (Pig  1),  l^ie  adhesive 
Joints  are  subdivided  in  classes  according  to  the  adhesive  and  the  ma¬ 
terial  used,  the  shape  of  the  object,  the  method  and  quality  of  the 
Joint,  and  the  intensity  and  type  of  the  stressed  state  in  the  Joint 
under  the  action  of  external  forces.  The  mentioned  factors  are  signifi¬ 
cant  for  the  design,  the  calculation  and  the  production  of  objects  bond¬ 
ed  by  adhesives. 

Adhesive  joints  are  most  efficient  in  cases  of  the  Junction  of 
thin-walled  structural  elements  operating  under  shear  stress.  ISie  effi¬ 
ciency  of  adhesive  Joints  of  the  overlap  type,  1. e. ,  the  relation  of 
the  stress  in  the  material  which  causes  a  destruction  of  the  Joint 
to  the  tensile  strength  6^  the  material,  is  quoted  in  Table  1  In  per¬ 
cents  (  )  as  a  function  of  the  thickness  t  of  the  material  and 

the  length  of  the  overlap.  Ihe  data  in  Table  1  are  obtained  for  the  ma- 
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terlal  D16AT,  and  the  adhesive  BP-6  at  a  short-time  static  loading  at 
20®,  The  ultimate  shearing  strength  of  an  overlapped  or  fished  Joint, 


n.  K  « 

-4-  ”  4] 


Fig.  1.  Forms  of  the  constructive  Junctions  of  parts  in  adhesive  Joints; 
1)  Simple  lapj  2)  overlapping;  3)  lap  with  bevelled  edges;  4)  miter 
Joint;  5)  fishing;  6)  fishing  with  bevelled  edges;  7)  fishing  on  both 
sides;  8)  fishing  on  both  sides,  with  bevelled  edges;  9)  flat  ("Lami¬ 
nar")  mating  surfaces;  10)  butt  Joint;  11)  Joint  of  a  honeycomb  core 
with  panels;  12)  concealed  Joint;  13)  Joint  of  a  shaft  with  a  nave;  14) 
Joint  of  pipes  by  expansion;  15)  Joint  of  pipes  by  an  external  ring 
(sleeve)  or  by  sectional  laps;  l6)  Joint  of  pipes  with  an  insert;  17) 
telescopical  Joint;  18)  miter  Joint  of  pipes;  19)  angle  with  panel;  20) 
T-'beam  with  panel;  21)  U  profile  with  panel;  22)  Joint  of  walls  by 
means  of  two  angles;  23)  Joint  of  a  panel  and  a  glued  profile  with  a 
border  of  varying  thickness;  24)  Joint  by  a  groove;  25)  fastening  of  a 
pin  on  a  shaft. 


i.e.,  the  destructive  load  related  to  the  bond  area,  decreases  with  the 
increasing  length  of  the  latter,  but  the  maximum  force  sustained  by  the 
Joint  increases  in  this  case  until  the  stress  in  the  Joint  parts 
approaches  the  tensile  strength  of  the  material  (Fig,  2).  In  practice, 
the  shearing  strength  of  adhesive  Joints  is  higher  the  thicker  the  ma¬ 
terial,  the  higher  its  modulus  of  elasticity,  and  the  higher  its  yield¬ 
ing.  The  carrying  capacity  of  adhesive  Joints  depends  on  the  type  of 
the  Joint  (Pig.  3).  The  weakening  effect  of  the  bending  is  removed  in 
Joints  fished  on  both  sides,  emd  they  are  by  5-20^  more  stable  than 
Joints  with  a  (simple)  overlap  (fishing)  on  one  side  only,  in  which 
the  bending  effect,  and,  in  turn,  the  stress  in  the  bond  line,  is  caused 
by  the  eccentricity  of  the  force  P  (transmitted  by  the  panels)  to  the 
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plane  of  the  bond  area,  '0.5  (M■^'  where  6^^  and  dg  are  the  thicKncsseo 
of  the  material.  Miter  Joints  are  the  most  stable,  especially  in  the 
ca^^e  of  cyclic  loads,  but  they  are  considerably  more  difficult  to  pro¬ 
duce. 

TABLE  1 
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1)  Length  of  the  overlap, 
1,  ram;  2)  o  at  a  thick 
ness  of  the^materlal  equal 
to  o  (mm). 


The  following  3  types  of  breaking  may  be  distinguished  when  the  ad 
hesive  joint  is  affected  by  a  load  which  involves  stresses  perpendicu- 


Fi>^.  2.  Shearing  strength  of  an  adhesive  Joint  (D16at  material,  and  BP- 
8  adhesive,  at  20®)  as  a  function  of  the  length  of  the  overlap  and  the 
thickness  of  the  material,  1)  Breaking  force  per  linear  unit,  S,  kg/cmj 
2)  shearing  strength,  T,  kg/cm^j  3)  length  of  the  overlap,  1,  nm. 


lar  to  the  surface  of  the  connection:  1)  uniform;  2)  not  uniform,  and 
3)  peeling  off  (exfoliation),  l.e. ,  the  extreme  case  of  nonuniform 
breaking,  if  the  tensile  stress  is  concentrated  on  the  border  of  the 
joint.  The  efficiency  of  etn  adhesive  Joint  in  the  case  of  breaking 
(even  a  uniform  one)  is  for  the  most  part  lower  than  in  the  case  of 


» 

h 


61 


I-68K3 

shearing.  It  is  determined  by  the  ratio  of  the  indices  for  the  adhesive 
and  cohesive  properties  of  the  adhesive  and  the  limit  tensile  strengths 
of  the  Joint  parts. 


Fig.  3*  Effect  of  the 
type  of  adhesive  Joint 
on  the  static  shearing 
strength  (Duralumin, 

BP-2  adhesive).  1)  Re¬ 
lative  strength,  % 

The  strength  of  an  adhesive  Joint  of  a  nonuniform  breaking  (of  the 
Joint  between  the  skin  and  the  framework  of  an  aircraft  wing,  or  of  the 
vane  of  a  helicopter,  for  example)  is  only  a  fraction  of  that  of  a  uni¬ 
form  breaking;  the  strength  increases  with  an  Increasing  thickness  of 
the  skin  and  a  reduced  distance  between  the  supports  (Fig.  ^).  Hie 
functioning  of  an  adhesive  joint  becomes  especially  difficult  when 
there  is  a  combined  action  of  shearing  and  peeling  off  stresses.  In 
this  case  the  destruction  occurs  subsequently,  part  for  part,  and  the 
maximum  load  per  unit  length  does  not  depend  on  the  bonded  area.  The 
strength  of  a  thin  flexible  material  decreases  when  the  tearing-off  an¬ 
gle  increases  from  0  (shear)  to  4^),  90*  180“  (the  standard  method 

for  testing  glued-on  fabrics);  its  value  is  100;^  (66  kg/cm),  33»  9*^> 
and  8. 85^,  respectively,  for  the  AK-20  adhesive  and  the  ANTiZ  material. 
The  working  of  an  adhesive  Joint  under  the  conditions  of  a  nonuniform 
breaking  and  peeling  off  can  be  avoided  by  relnfoicing  the  joint  by  de¬ 
termining  the  optimum  shape  of  the  cross  section  of  the  frame  part,  by 
a  local  Increase  of  tiie  stiffness  of  the  skin,  by  the  selection  of  an 
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elastic  adhesive,  by  reinforcing  the  adhesive  Joint  with  rivets  or  by 
welding,  etc. 


Fig.  4.  Breaking  load  In  the  peel  test  of  an  adhesive  Joint  between  a 
Blsln  and  the  longitudinal  elements  of  the  framework  as  a  function  of 
the  cylindrical  stiffness  (where  6  Is  the  thickness  of  the 

Duralumin  skin;  £  Is  the  modulus  of  elasticity,  and  i;.  Is  the  Poisson's 
ratio),  and  of  the  length  L  of  the  span  between  the  frame  elements 
(static  short-time  test  at  20**;  BF-2  adhesive;  the  border  of  the  T-beam 
has  a  width  of  35  nan).  1)  Uhlfoxnly  distributed  breaking  load  of  the 
skin,  P,  kg/cm^;  2)  stiffness  of  the  skin,  or  ,  kg/cm. 

The  compression  strength  of  an  adheslvm  Is  by  10-100  times  hlgf.er 
than  Its  tensile  strength.  An  external  CGag>res8lng  force  Increases  the 
shearing  strength  of  the  adhesive  Joint.  The  breaking  load  P, 
where  t  Is  the  limit  shearing  strength  of  the  adhesive  Joint,  P  Is  the 
bond  area,  and  k  is  an  empirical  coefficient,  is  valid  In  the  case  of 
the  Joint  of  block-shaped  materials  (l.e.,  in  the  came  of  a  unlfora  dis¬ 
tribution  of  the  stress  In  the  bond  line)  (see  Table  2). 

The  strength  of  adhesive  Joints  of  any  material  depends  essentially 
on  the  traiperature  which  affects  the  adhesion  and  cohsalon  prt^rtles 
of  the  adhesive,  (Xi  the  thermal  stresses,  and  on  other  factors.  The  na¬ 
ture  and  the  degree  of  the  effect  of  the  tsaperature  on  the  strength  of 
an  adhesive  Joint  depend  on  the  type  of  the  adhesive  and  on  the  stressed 
state  (Pig.  5)>  A  decomposition  of  the  adhesive  occurs  as  a  result  of  a 
long  heating  or  of  a  short  action  of  high  temperatures.  The  strength  of 
the  adhesive  Joint  Is  In  both  cases  gradually  or  rapidly  deteriorated. 


I-68K5 

New  types  of  adhesives  with  an  Increased  heat  resistance  (for  some  hun¬ 
dred  hours)  at  elevated  temperatures  (to  1000*)  are  in  development.  The 
application  of  general  laws  pertaining  to  the  time  dependence  of  the 
strength  of  materials  Is  extended  to  the  adhesive  joints.  Generally,  at 
moderate  temperatures,  the  phenomena  of  cyclic  fatigue  are  more  danger- 

TABLE  2 


CirM  2  I  )  I 

•arpT*-  Cane  •  C.IWlH  ,  t.aiHlM  •  I- 

]  MR  I  ; 


I  f 

I  — f'O  — 4fi  — \  » 
k  s.fi  2.::  1  4  I  I  .•»  '  M.N .  n 

_ 1  _  _I  ‘  _ 

1)  Scheme  of  the  load;  2) 
shearing  +  compression;  3) 
shearing;  4)  shearing  + 
peeling  off. 

ous  than  the  phenomena  of  a  decrease  in  the  strength  under  the  long¬ 
time  action  of  a  constant  load.  At  elevated  temperatures,  the  danger  of 
destruction  by  static  fatigue  may  become  equal  (or  even  greater)  than 
the  danger  caused  by  dynamic  fatigue  (Table  3)« 
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Pig.  5.  Effect  of  temperature  on  the  strength  of  adhesive  Joints  bear¬ 
ing  various  types  of  load;  a)  Shear;  b)  uniform  peeling  off;  c)  non- 

uniform  peeling  off.  Signs:  -  =  PU-2  adhesive; - =  BF-2  adhesive 

1)  kg/cm^. 
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Hie  shearing  and  peel  strengths  of  an  adhesive  Joint  are  the  hl^« 
er  the  thinner  the  layer  of  the  adhesive.  Reinforced  adhesive  layers 

TABLE  3 
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1)  Load;  2)  ultlinate  shearing  strength  (kg/cm‘^)  of  an  overlapped  Joint 
of  YalT  steel  with  a  length  of  15  nnn  and  a  thlcKness  of  2  mm,  glued 
with  PU-2  adhesive  at  the  temperature;  3)  static  short-time  (1  min);  4) 
static  long-time  (200  hrs);  5;  cyclic  (200  hrs)  with  a  frequency  of  17 
cps. 


are  necessary  for  Joints  which  function  under  conditions  of  a  nonuniform 
peeling  off,  in  Joints  of  panels  with  honeycombs,  in  the  adhesive  Joints 
of  foamed  plastics,  fabrics,  auid  other  porous  materials.  The  design  of 
adhesive-bonded  objects  must  taken  Into  account  the  specific  working 
properties  of  the  adhesive  Joints  and  of  the  selected  adhesive. 

References:  Panshin  B.  I. ,  In  the  Collection  Kiel  1  tekhnologlya 
sklelvanlya  [Adhesives  and  the  Technology  of  Adhesive  Bonding],  Mpacow, 
i960;  Adgezlya,  klel,  tsementy  1  prlpol  [Adhesion,  Adhesives,  Cements, 
8Uid  Solders],  edited  by  N.  Debroyn  and  R.  Huwlnck,  translated  from 
English,  Moscow,  1954;  Spies  0. 1. ,  "Aircraft  Engng. , "  1953*  VOl.  25, 

No.  289,  pages  64-71;  Epstein  G. ,  Skleivanlye  metallov  [Adhesive  Bond¬ 
ing  of  Metals],  translated  from  English,  Moscow,  195^. 

A.  T.  Tumanov 
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AO-48  -  a  fiberglass  molding  plastic.  See  glass-reinforced  plas- 
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AQATE  (technical)  -  collective  term  xor  chalcedony  proper  (fibrous 
modification  of  force)  and  Its  lanilnar  varieties.  Sp.  gr.  2.57-2.64, 
bulk  2.570  g/cm-^,  l.e. ,  somev;hat  lower  than  that  of  quartz  due  to  the 
presence  of  opal  Impurities  and  submlerosooplc  porosity  (0. 66-0.  Sljt). 
Color  may  be  gray,  white,  red,  etc.  Agate  consists  of  a  large  number  of 
thin  layers,  the  number  of  which  may  range  up  to  5-10  thousand  In  1  cm. 
Within  a  given  layer,  the  fibers  may  be  extended  axong  the  c-axls  of 
the  quartz  (quartzlne),  perpendicular  to  It  or  at  an  angle  of  30“ .  The 
Mohs  hardness  of  agate  Is  6.5-7,  the  Shore  hardness  115-120,  and  the 

fi  P 

pendulum  hairiness  540;  the  elastic  modulus  Is  1»10°  kg/c.m^.  The  hard¬ 
ness  of  agate  diminishes  rapidly  as  the  temperature  rises.  At  room  tem¬ 
perature,  the  hardness  of  agate  parallel  to  the  fiber  Is  almost  2  times 
that  perpendicular  to  the  fiber.  As  the  temperature  rises  from  200“C, 
the  difference  between  the  hardnesses  in  these  directions  becomes  smal¬ 
ler  and  nearly  vanishes  at  400°. 

Applications  of  agate  are  based  or.  Its  high  elaolicity ,  toughness, 
hardness,  acid  and  abrasion  resistance  and  its  ability  to  take  a  mirror 
poli.sh.  Agate  Is  used  to  make  1)  mortars  and  pestles  for  analytical 
chemical  work,  2)  xx?llers  for  burnishing  leather  and  paper,  3)  dies  for 
extruding  graphite  and  sl.mllar  materials  In  the  production  of  pencils 
and  other  objects,  4)  spinnerets  In  the  production  of  synthetic  fibers, 
5)  precision  Industrial  stoner  (knife  edges,  pallets,  thr'ist  bearings, 
bushings,  watch  jewels,  etc.)  .''or  ar^alytlc  and  dial  balances,  timepie¬ 
ces,  centrifuges,  electrical  measuring  Instruments  (voltmeters,  arrme- 
ters)  and  6)  special  Jewels  for  precision  Instrument  building.  Homogen- 
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eo«s  unoolored  agates  without  foreign  Inclusions,  flssurlng.  traces  of 
opallzatlon  or  distinct  lamination  are  used;  the  dimensions  of  the  In¬ 
dividual  pieces  of  agate  should  permit  fabrication  of  wafers  with  areas 
of  15“20  cra^. 

V. I.  Pln’ko 
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AGING  OF  ALUMINUM  ALLOYS  -  the  ability  of  metallic  alloys  to  under¬ 
go  hardening  induced  by  heating  at  elevated  temperatures  (artificial 
aging)  or  occurring  spontaneously  at  room  temperature  after  quenching 
from  high  temperatures  (natural  aging). 


Fig.  1.  Solubility  diagram  of  copper  in  aluminum,  l)  temperature,  “C. 

Post  quenching  heating  at  disproportionately  high  temperatures 
reduces  the  strength  of  the  alloy,  causing  it  to  be  over-aged.  Struc¬ 
tural  changes  occur  in  the  al^oy  during  aging,  leading  to  formation  of 
Gulnler-Preston  zones  (durlrig  natural  aging)  or  of  structures  approxi¬ 
mating  those  produced  by  decomposition  (during  artificial  aging).  The 
effect  of  natural  aglag  can  be  reduced  by  a  moderate  increase  in  tem¬ 
perature.  This  recovery  process  returns  the  alloy  to  its  initial  post- 
quenching  condition.  Transferring  the  alloy  to  room  temperature  again 
causes  natural  aging. 

Natural  aging.  The  term  natural  aging  refers  to  the  ability  of 
metallic  alloys  to  undergo  spontaneous  hardening  at  room  temperature 
after  quenching  from  high  temperatures.  Hardening  by  quenching  and  ag¬ 
ing  is  observed  exclusively  in  solid  solutions  and  then  only  when  the 
solubility  of  the  metal  added  to  the  base  metal  is  greater  at  high 
temperatures  than  at  low  temperatures.  Many  metallic  alloys,  partlcu- 
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larly  those  of  aluminum  and  copper,  satisfy  this  condition. 

Figure  1  Is  the  solubility  diagram  of  copper  In  solid  aluminum. 

The  solubility  line  AB  on  the  graph  divides  It  Into  two  parts.  The  por¬ 
tion  to  the  left  of  the  solubility  line  corresponds  to  a  homogeneous 
solid  solution,  while  that  to  the  right  of  the  solubility  line  corres¬ 
ponds  to  nonhomogene ous  alloys  containing  crystals  of  a  chemical  com¬ 
pound  of  copper  and  aluminum  (CuAlg)  with  a  copper  content  of  by 

weight,  as  well  as  a  crystals.  It  can  be  seen  from  the  diagram  that 
an  alloy  containing  Cu  is  a  homogeneous  solid  solution  in  the  high- 
temperature  (above  500®)  region.  When  such  an  alloy  is  slowly  cooled 
the  excess  copper  precipitates  from  the  solid  solution  in  the  form  of 
CuAlg  particles,  which  are  distributed  along  the  grain  boundaries  and 
within  the  grains.  The  majority  of  the  alloy  thus  now  consists  of  alum¬ 
inum  crystals  containing  a  total  of  0.1-0.25^  copper. 

In  this  slowly  cooled  state  the  alloy  is  quite  soft  and  its 
strength  approximates  that  of  pure  aluminum.  The  hardness  (HB)  of  an 
alloy  In  this  state  Is  approximately  40  kg/mm^.  However,  If  an  alloy 
containing  copper  Is  heated  to  high  temperature  and  cooled  rapidly 
to  room  temperature  (by  quenching  in  water)  precipitation  of  the  copper 
from  the  solid  solution  Is  retarded.  The  solid  solution  is  supersatura¬ 
ted  with  copper,  i.e.,  is  in  a  state  which  does  not  normally  obtain  at 
room  temperature.  In  this  unstable  condition  the  alloy  exhibits  the 
interesting  phenomenon  called  aging  (from  the  German  Alterung,  which 
has  this  meaning). 

2 

The  hardness  of  an  alloy  containing  copper  amounts  to  60  kg/mm 

when  measured  immediately  after  quenching.  If  the  metal  is  permitted 

2 

to  stand  at  room  temperature  its  hardness  reaches  66  kg/mm  after  2  hr, 

p  2 

up  to  76  kg/mm  after  12  hr,  and  up  to  80  kg/mm  after  24  hr.  Aging  is 
virtually  complete  after  5-6  days  at  room  temperature. 
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Fig.  2.  Change  in  the  characteristics  of  an  aluminum  alloy  containing 
4.5^  copper  during  natural  and  artificial  aging,  l)  Electrical  resis¬ 
tance,  ohm-cm;  2)  lattice  parameter.  A;  3)  density,  g/cm3;  4)  time, 
hr. 


The  Increase  in  the  strength  and  hardness  of  aluminum-copper  al¬ 
loys  during  aging  Increases  with  the  copper  content,  but  there  is  a 
limiting  concentration  corresponding  to  the  maximum  solubility  of  cop¬ 
per  in  aluminum  at  the  eutectic  temperature,  5«5~5*6jt.  It  has  been  es¬ 
tablished  that  all  the  characteristics  of  aluminum-copper  alloys  are 
altered  during  natural  aging;  electrical  resistance  and  density  in¬ 
crease  and  plasticity  decreases.  However,  plasticity  does  not  undergo 
as  pronounced  a  change  during  natural  aging  as  during  artificial  aging. 

It  is  natural  to  assume  that  the  processes  occurring  in  the  solid 
solution  and  leading  to  aging  consist  in  precipitation  of  copper  from 
the  solution  to  form  CuAlg  particles,  as  is  the  case  during  slow  cool¬ 
ing  of  the  alloy.  The  fact  that  such  particles  cannot  be  detected  with 
an  optical  microscope  can  be  explained  by  the  extreme  fineness  of  the 
precipitate  (small  particle  size).  However,  the  interatomic  distances 
in  the  solid  solution  should  Increase  during  natural  aging,  rather  than 
decreasing  as  is  the  case  in  actuality,  since  the  copper  atoms  preci¬ 
pitated  from  the  soliJ  solution  are  smaller  than  the  aluminum  atoms. 
Accordingly,  as  the  Interatomic  distances  decrease  during  natural  aging 
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the  density  of  the  alloy  rises  and  Its  volume  Is  reduced.  Electrical 
resistance  Increases  during  natural  aging,  while  when  precipitation  from 
the  solid  solution  occurs  It  should  decrease  In  conformity  with  the  drop 
in  solid-solution  concentration.  Magnetic  permeability  Is  also  "anoma¬ 
lously"  altered  during  natural  aging.  These  data  indicate  that  the  su¬ 
persaturated  solid  solution  Is  retained  during  natural  aging  rather  than 
that  it  decomposes.  Actually,  the  changes  in  the  solid  solution  during 
natural  aging  are  confined  to  displacement  of  the  copper  atoms  within 
the  crystal  lattice  over  short  distances,  of  the  order  of  tens  or  hun¬ 
dreds  of  A,  and  accumulation  of  these  atoms  In  the  planes  of  the  cubic 
lattice  to  form  two-dimensional  (laminar)  structures,  the  so-called 
Qulnier-Preston  zones  (see  below).  The  copper  concentration  in  these 
zones  Is  approximately  the  same  as  In  CuAl^  (5^^  by  weight),  so  that 
the  Interatomic  distances  within  the  zones  are  somewhat  less  than  In 
the  regions  between  the  zones.  These  nonunlformilies  lead  to  develop¬ 
ment  of  strong  Internal  stresses  at  the  zone  boundaries;  the  substan¬ 
tial  hardening  of  the  alloy  during  natural  aging  Is  attributable  to 
these  stresses.  The  temperature  range  over  which  the  processes  desig¬ 
nated  by  the  general  term  natural  aging  take  place  does  not  necessarily 
correspond  to  the  "room-temperature"  region,  as  is  the  case  for  alumi¬ 
num  alloyed  with  copper  and  other  aluminum-based  alloys.  Thus,  the 
processes  which  occur  In  aluminum  alloyed  with  magnesium,  zinc,  and 
copper  (type  V95)  at  room  temperature  are  designated  by  the  general 
term  artificial  aging.  In  this  case  the  natural-aging  temperature  range 
lies  below  the  room-temperature  region.  Conversely,  In  coppei’-berylllum 
alloys  (containing  ~2.3%  beryllium)  natural  aging  occurs  at  temperatures 
substantially  above  the  room-temperature  range. 

Artificial  aging.  In  contrast  to  natural  aging,  which  occurs  at 
roan  temperature  In  certain  metallic  alloys,  artificial  aging  Is  In- 


duced  by  heating  to  high  temperatures  after  quenching.  Artificial  aging 


involves  precipitation  of  atoms  of  the  dissolved  metal  from  the  solid 
solution  in  Isolated  groups.  This  process  is  occasionally  called  dis¬ 
persion  hardening,  a  term  which  attempts  to  show  that  the  changes  in 
the  solid  solution  originate  in  precipitation  of  dispersed  particles 
of  the  hardening  phase.  In  contrast  to  dispersion  hardening,  natural 
aging  is  referred  to  as  solution  hardening  (hardening  in  which  the  so¬ 
lution  is  retained). 

The  change  in  the  characteristics  of  an  alloy  during  artificial 
aging  has  a  totally  different  character  from  that  observed  during  na¬ 
tural  aging.  Thus,  the  electrical  resistance,  mean  interatomic  distance 
in  the  solid  solution,  paramagnetic  permeability,  and  certain  other 
characteristics  are  altered  in  the  normal  fashion,  l.e. ,  as  should  be 
observed  when  dissolved  atoms  are  precipitated  from  the  solvent  lattice 
(Fig.  2).  Hardening  during  artificial  aging  occurs  in  roughly  the  same 
manner  as  at  room  temperature.  However,  the  plasticity  of  the  alloy  is 
markedly  reduced  (Fig.  3)  and  its  corrosion  resistance  decreases.  Arti¬ 
ficial  aging  la  consequently  avoided  for  alloys  of  the  duralumin  type. 
The  corrosion  resistance  of  duralumin  alloys  with  a  high  magnesium  con¬ 
tent  (~1.5J^j  Dl6  alloys)  remains  at  virtually  the  same  level  after  ar¬ 
tificial  aging  as  after  natural  aging. 


Fig.  3-  Change  in  Gq  2  (l)»  cTq  2/^b  ^  duralumin  with  a 

high  silicon  content  (O.Sjf)  at  different  aging  temperatures  (aging  time 
40  hr),  a)  kg/mm^;  b)  temperature,  ®C. 
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Pig.  4.  Structure  of  elementary  cell  of  fi’-CuAlg  (a)  and  of  elementary 
cell  of  solid  solution  (b). 

•  # 


Pig.  5*  X-ray  diffraction  pattern  obtained  with  monocrystal  of  pure 
aluminum,  using  Loewy's  method. 

The  change  In  the  structure  of  an  alloy  during  natural  aging  is 
restricted  to  formation  of  Gulnler-Preston  zones,  which  retain  coherent 
bonds  to  the  aluminum  lattice.  However,  when  the  alloy  is  heated  to 
100-150®  after  quenching  the  diffraction  pattern  resulting  from  aging 
is  altered  in  such  fashion  as  to  indicate  expansion  of  the  copper-en¬ 
riched  regions  of  the  solid  solution  (initial  Gulnler-Preston  zones). 
These  areas  become  thicker.  If  heating  at  150°  is  continued  the  Initial 
diffraction  pattern,  corresponding  to  fomnatlon  of  Gulnler-Preston 
zones,  gradually  becomes  fainter  and  eventually  disappears.  It  is  re¬ 
placed  by  a  different  pattern,  which  Indicates  the  c^currence  of  other 
processes  In  the  solid  solution  leading  to  formation  of  an  initial  in¬ 
termediate  structure,  the  so-called  ©"-phase,  which  gradually  is  con¬ 
verted  to  the  more  stable  ©'-phase  (Fig.  4a).  These  reordering  proces¬ 
ses  lead  to  gradual  loss  of  the  bonds  between  the  structures  produced 
and  the  solid-solution  crystal  lattice.  However,  the  new  structure  re¬ 
tains  substantial  similarities  to  the  lattice.  This  is  easily  seen  when 
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the  two  structures  are  compared.  Figure  4a  represents  the  elementary 
cell  of  the  new  structure.  The  light  circles  represent  sites  occupied 
by  aluminum  atoms  and  the  dark  circles  sites  occupied  by  copper  atoms. 
Figure  4b  shows  a  part  of  the  solid-solution  crystal  lattice.  The  heavy 
lines  enclose  Its  elementary  cell.  Losing  Its  bonds  to  the  basic  lat¬ 
tice  on  heating  to  higher  temperatures  (250-350®),  the  new  structure 
undergoes  a  profound  transformation  to  form  a  stable  lattice  of  the 
compound  CuAlg,  in  which  the  copper  is  precipitated  from  the  solid  so¬ 
lution  during  slow  cooling  from  high  temperatures.  A  stable  CuAlg  lat¬ 
tice  is  formed  during  postquenching  heating  as  the  final  result  of  the 
transformations  occurring  In  the  supersaturated  solid  solution.  Ex¬ 
tremely  fine  laminar  copper  structures,  Gulnler-Preston  zones,  are 
formed  during  the  li.ltlal  stage.  Continued  heating  causes  changes  vhlch 
give  rise  to  new  structures.  When  the  final  stable  CuAlg  structure  is 
formed  hardening  ceases  and  the  alloy  gradually  softens:  the  metal  be¬ 
comes  overaged.  Such  metal  is  equal  in  strength  to  the  annealed  alloy. 

Aluminum-copper  alloys,  which  were  used  as  an  example  for  consid¬ 
eration  of  aging  processes,  are  not  widely  employed  because  of  their 
low  strength.  Higher  strength  can  be  achieved  by  adding  both  copper  and 
magnesium  to  the  aluminum.  Manganese  is  also  added  to  Increase  strength 
and  corrosion  resistance.  When  the  magnesium  content  Is  high  (-1,55^) 
both  CuAlg  and  the  ternary  compound  Al2Ci;Mg  serve  as  the  hardening 
phase  In  alloys  of  this  type  (duralumin). 

Qulnler-Preston  zones  are  two-dimensional  (laminar)  structures  In 
querjched  (supersaturated)  metallic  solid  solutions  and  are  produced  by 
natural  aging;  they  are  uniformly  distributed  thix>ughout  the  crystal 
over  an  area  extending  for  several  tens  or  hundreds  of  Angstroms  and 
1-2  atomic  layers  thick.  In  Al-Cu  or  Cu-Be  alloys  these  two-dimensional 
structures  are  oriented  In  three  mutually  perpendicular  directions. 
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corresponding  to  the  three  mutually  perpendicular  planes  of  the  eiemeii- 
tary-cell  cube.  The  existence  of  these  two-dimensional  structures  was 
established  by  Qulnler  In  Prance  and  Preston  in  England  (1938),  who  In¬ 
vestigated  the  natural  aging  of  Al-Cu  monocrystals  by  precision  x-ray 

methods. 

Figure  5  shows  the  x-ray  diffraction  pattern  of  pure  aluminum.  The 
x-rays  were  directed  perpendicular  to  the  plane  of  the  crystal  cube. 
This  direction  corresponds  to  the  fourth  axis  of  symmetry  of  the  cube. 
The  symmetry  of  the  crystal  Is  reflected  In  the  x-ray  pattern.  When 
quenched  In  water  after  heating  at  high  temperatures  (in  the  monophsslc 
region)  an  aluminum  alloy  containing  4^  copper  Is  an  unstable  or  super¬ 
saturated  solid  solution  of  copper  In  aluminum.  The  x-ray  diffraction 
pattern  of  such  an  alloy  Is  quite  similar  to  that  of  pure  aluminum. 
During  natural  aging  new  diffraction  spots  superimposed  on  the  Initial 
diffraction  pattern,  at  first  weak  and  then  more  Intense,  appear  sever¬ 
al  hours  after  quenching.  These  changes  In  the  diffraction  pattern  be¬ 
come  quite  obvious  after  a  few  days  (Plg.  6).  They  are  caused  by  dis¬ 
placement  of  the  copper  atoms  within  the  solid  solution.  As  a  result  of 
these  dislocations  the  copper  atoms  accumulate  predar.lnantly  In  those 
lattice  planes  parallel  to  the  planes  of  the  cubic  al'umlnum  crystal  lat' 
tice,  forming  copper-enriched  areas  extending  for  several  tens  or  hun¬ 
dreds  of  Angstroms  and  1-2  atomic  layers  thick. 

1 

^  O  Ah—  Ai 

Pig.  6.  X-ray  dlffrac-  Pig.  7.  Diagram  of  Qul- 

tlon  pattern  obtained  nler-Preaton  zone  In 

with  monocrystal  of  solid-solution  crystal 

aluminum  alloyed  with  lattice,  l)  Plane  occu 

4^  copper  after  natuiv  pled  by  Cu  atoms;  2)  Cu 

al  aging.  atoms;  3)  Al  atoms. 
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The  copper-enriched  areas  are  somewhat  compressed  and  the  adjacent 
areas  somewhat  expanded  (Fig.  7).  The  distance  between  the  plane  occu¬ 
pied  by  copper  atoms  and  the  first  plane  occupied  by  aluminum  atoms  Is 
approximately  10%  less  than  the  normal  distance  between  planes  of  this 
type  In  the  Just-quenched  solid  solution.  The  subsequent  planes  are 
displaced  by  less  and  less,  so  that  approximately  the  fifteenth  plane 
Is  again  In  the  normal  position. 

The  Irregularities  caused  by  formation  of  <-hese  zones  lead  to  de¬ 
velopment  of  strong  Internal  stresses  at  the  zone  boundaries,  which 
results  in  considerable  hardening  of  the  metal. 

Recovery.  If  an  aluminum-copper  alloy  aged  at  room  temperature  Is 
heated  for  a  few  minutes  or  even  several  seconds  at  200-250®  and  then 
cooled  rapidly  to  room  temperature,  the  hardening  undergone  by  the  me¬ 
tal  at  room  temperature  Is  completely  el  Ijnlnated.  All  the  characteris¬ 
tics  of  the  alloy  return  to  their  Initial  (preaging)  levels.  If  the 
alloy  Is  then  permitted  to  stand  at  room  tanperature  It  again  undergoes 
hardening,  Just  as  after  quenching.  When  a  "recovered"  alloy  Is  per¬ 
mitted  to  stand  at  room  temperature  Its  hardness  is  altered  In  the  same 
manner  as  after  quenching  and  reaches  the  same  value  after  5-6  days. 

Since  the  diffraction  pattern  produced  by  natural  aging  disappears 
during  recovery,  it  may  be  concluded  that  the  "Gulnier-Preston  zones 
formed  during  this  process,  which  harden  the  alloy,  decompose  and  the 
copper  atoms  are  again  distributed  In  a  statistically  uniform  manner  In 
the  aluminum  crystal  lattice.  Attempts  have  been  made  to  utilize  re¬ 
covery  under  practical  conditions,  for  softening  materials  during  cold 
working  (stamping,  drawing,  beating,  etc.),  since  the  material  then  un¬ 
dergoes  spontaneous  hardening  once  moi'e. 

However,  a  marked  decrease  In  corrosion  resistance  occurs  after 
recovery,  restricting  the  practical  utilization  of  this  process. 
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Overaging  refers  to  the  late  stages  of  artificial  aging,  when  the 
hardening  resulting  from  this  process  halts  and  the  alloy  gradually 
becomes  softer.  Overaglng  occurs  only  when  the  holding  time  at  the 
mximum  airtificlal-aglng  temperature  is  too  long  or  when  this  tempera¬ 
ture  is  exceeded  during  normal  or  even  brief  holding. 

Structurally,  overaglng  is  cxiaracterlzed  by  the  final  stages  of 
decomposition  of  the  supersaturated  solid  solution  to  fom  stable 
hardening-phase  structures  characteristic  of  the  annealed  alloy  (CuAl,^ 
for  Al-Gu  alloys  ar.d  AlgCiiflg  for  Al-Cu-Mg  alloys,  etc.). 

In  flTial  analysis,  an  overaged  alloy  consists  of  a  basic  r.ass  of 
low-concentration  solid  solution  and  precipitated  hardening-phase  par¬ 
ticles  (crystals),  which  are  distributed  principally  along  the  ._,raln 
boundaries.  The  mechanical  characteristics  and  corrosion  resistance  of 
an  overaged  alloy  approxLmate  those  of  the  annealed  alloy. 

References ;  Bochvar,  A. A.,  Metallovedenlye  [Metalworking],  5^ 
Edition,  Moscow,  1956;  Petrov,  D.A.  ,  Voprosy  teorll  splavov  aiyur.lnlya 
[Problems  of  the  Theoy  of  Aluminum  Alloys],  Moscow,  1951;  Gulnler,  A., 
Determination  by  X-rays  of  internal  Strains  in  Metals  and  Alloys,  In 
book:  Internal  Stresses  and  Fatigue  in  Metals,  Anstei’dar.  (a.o.),  1959; 
Toman,  K. ,  Acta  Crystallogr. ,  1957,  Vol.  10.  page  137;  Sllccck,  J.M. , 
J.  Inst.  Metals,  I96I,  Vol.  89,  part  6,  page  20j. 
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AGING  OF  POLYMER  MATERIALS  —  a  chemical  process  Involving  a  change 
In  molecular  structure  leading  to  a  change  In  the  physical  character¬ 
istics  of  the  material  and  consequent  loss  of  Its  valuaMe  technical 
properties.  In  essence,  this  process  consists  In  a  complex  chain  reac¬ 
tion  Involving  formation  of  free  radicals  or,  less  frequently.  Ions; 

It  is  accompanied  by  Destruction  and  structuring  of  the  material.  Aging 
Is  an  Irreversible  process,  in  contrast  to  changes  in  the  physical 
characteristics  of  polymers  caused  by  destruction  cf  Interr.clecular 
bonds,  as  when  the  temperature  Is  raised.  Aging  results  :rom  exposure 
to  various  agents,  the  most  common  of  which  is  heat,  although  light  and 
m.ec.hanical  stress  art  more  specific.  The  most  ^  ual  chemical  agents  are 
oxygen,  ozone  (see  Ozone  resistance  of  polymer  materials),  m.clsture, 
etc.  Ordinary,  or  thermal  aging  cf  polymers  Is  usually  a  consequence  of 
an  oxidative  process  taking  place  unJor  the  action  of  atm:cspherlc  oxy¬ 
gen  dissolved  In  ’he  pclyr.er  and  activated  by  heat.  We  must  dlst trigulsh : 
l)  aging  cf  a  hc,mogeneous  pclyr.er  containing  no  Icw-r.olecular  additives 
(pure  rubbers,  plastics,  fibers,  etc.)  and  aging  of  polymers  oontalnlr,g 
s.ich  additives  or  dispersed  solid  particles  of  filler:  f)  aging  at  mod¬ 
erate  (up  to  SO-100®)  and  high  tem.peratures ,  sln.'e  the  mechanism  of  the 
process  differs  r.ate:  !.ally  in  these  two  cases. 

Aging  of  homogeneous  and  p  ire  polymerc-  Is  a  chain  autocatalytlc 
oxidation  prccess  occurring  at  moderate  temperat  ires  through  Intermed¬ 
iate  formation  of  pclymcr  piroxldcs,  whoso  dec  .r.pvslt  ion  Is  often  as¬ 
sociated  with  breaklr.g  of  the  m.oie--:’ir  .:.aln  and  development  cf  two 
This  pr  cesh  can  be  deeorlbed  as  ramified  degeneration. 


free  valences. 


It  may  tend  toward  preferential  destruction  (as  In  the  ca:.e  of  natural 
rubber)  or  toward  preferential  structuring  (as  In  the  case  of  butadiene 
rubber,  polystyrene,  etc.  ),  depending  on  the  molecular  structure  of  the 
polymer  and  the  reaction  conditions  (oxygen  pressure,  temperature, 
thlcknass  of  sample  undergoing  oxidation,  etc.).  Macroscopically ,  pre¬ 
ferential  destruction  is  manifested  principally  in  softening  of  the 
polymer  to  the  point  of  "reslnlflcatlon"  and  sometimes  in  liberation  of 
volatile  products.  Preferential  structuring  is  manifested  lii  an  increase 
in  hardness  and  brittleness  and  loss  of  plasticity  and  elasticity.  Oxi¬ 
dation  Itself  begins  with  initiation,  l.e.,  formation  of  free  radicals; 
at  moderate  temperatures  this  basically  Involves  decomposition  of  the 
hydroperoxide  R  =  OOH  to  form  the  radicals  R0‘ ,  ROg  y  diiu  •  A  ufiyin 
is  then  formed  in  accordance  with  the  equation  RO*  +  RH  (polymer  mole¬ 
cule)  -•  ROH  +  R’ ;  where  R  is  a  carbonyl  radical  R  +  ROOH  -►  ROM  +  RO' . 

The  reaction  terminates  in  recanbination  of  the  radicals  (R‘  +  R' ,  RO*  i 
+  RO' ,  ROg  +  ROg),  which  leads  to  nonreactlve  products.  Decomposition 
of  polymer  hydroperoxides  almost  always  proceeds  in  accordance  with  the 
first  equation.  The  presence  of  double  bonds  in  the  polymer  (gum  rubber, 
etc. )  somewhat  complicates  the  reaction  mechanism.  At  moderate  tempera¬ 
tures  the  dominant  reaction  is  obviously  that  between  oxygen  and  the 
methylene  group  located  in  the  a-positlon  with  respect  to  the  double 
bond;  at  elevated  temperatures  (100-120®),  the  dominant  reaction  is  with 
the  double-bonded  C  atom.  In  addition,  unsaturated  polymers  are  capa¬ 
ble  of  undergoing  reactions  leading  to  polymerization  and  formation  of 
nonchaln  cyclic  structures.  At  150-200®  the  decomposition-rate  constant 
of  the  peroxide  is  higher  than  its  format ion- rate  constant,  so  that  no 
peroxide  is  formed  and  the  reaction  loses  its  degenerative  character. 
Under  these  conditions  the  reaction  reaches  an  explosive  rate  in  the 
absence  of  serious  delays  in  diffusion. 
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Aging  of  polymer  materials  containing  low-molecular  additives  and 
solid  fillers.  Low-moleculax’  additives  participating  In  the  chain-form¬ 
ing  process  may  substantially  alter  the  rate,  direction,  and  character 
of  the  reaction.  Thus,  antioxidants,  which  bond  free  radicals,  prevent 
chain  reactions  and  yield  a  virtually  unramlfled  process.  This  also 
leads  to  a  decrease  In  the  rate  of  structural  change.  The  presence  of 
compounds  containing  iron,  manganese,  copper,  and  sometimes  sulfur, 
phosphorous,  etc.,  accelerates  the  aging  of  polymer  materials.  The 
polymers  most  sensitive  to  "catalytic  poisons"  are  those  v/hose  chains 
contain  large  numbers  of  double  bonds  (primarily  natural  rubber).  Ac¬ 
tive  fillers,  such  as  carbon  soot,  silicon  dioxide  (powdered  silica 
gel),  etc.,  have  a  complex  effect  on  the  aging  of  polymer  materials. 
Since  they  carry  large  numbers  of  weak  free  radicals,  such  fillers 
serve  to  trap  the  free  radicals  produced  during  oxidation  of  the  poly¬ 
mer,  thus  having  an  antioxldlzlng  action.  However,  active  fillers  sorb 
air,  thus  Increasing  the  effective  solubility  of  oxygen  In  the  polymer 
and  accelerating  oxidation  and  aging.  Moreover,  the  oxides  which  coat 
the  surface  of  certain  types  of  soot  (e,g.,  chimney  soot)  catalyze 
oxidation.  One  consequently  often  encounters  the  twofold  action  of  soot 
under  practical  conditions. 

Aging  of  polymer  materials  under  the  action  of  mechanical  stresses 
constitutes  a  special  group  of  phenomena.  Such  stresses  weaken  or  rup¬ 
ture  the  chemical  bonds  In  the  polymer  molecule,  especially  In  the  case 
of  rather  rapid  alternating  deformation  (e.g.,  extension  and  compres¬ 
sion),  where  the  stresses  cannot  be  relaxed.  This  pnenomenon  Is  a  var¬ 
iety  of  aging.  It  usually  leads  to  acceleration  of  oxidation  (mechani¬ 
cal  activation)  and  therefore  to  intensification  of  aging.  Mechanical 
activation  Is  also  observed  during  the  v.eari;.g  of  polymer  materials, 
such  as  automobile  tires,  conveyor  belts,  ecc. ,  the  abrasion  of  which 
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is  a  combination  of  mechanical,  chemical,  and  mechanical-chemical  phe¬ 
nomena.  The  relative  roles  of  these  factors  depend  on  the  temperature 
and  operating  conditions  (the  tires  of  light  automobiles  are  less  de¬ 
formed  and  more  severely  heated  than  those  of  heavy  machinery,  so  that 
oxidation  predominates  in  the  former  case  and  a  mechanical  process  in 
the  latter  case). 

Oxidation  of  gums  and  rubbers  at  moderate  temperatures  occurs  at 
a  constant  rate  over  almost  the  entire  "technical  life"  of  the  material 
Oxygen-absorption  rate  as  a  function  of  temperature  can  usually  be  ex¬ 
pressed  by  the  Arrhenius  equation,  while  the  activation  energy  varies 
from  17-18  to  28-30  kcal/mole,  depending  on  the  composition  of  the  poly 
mer.  The  dependence  of  the  change  in  the  structure  of  the  polymer  on 
temperature,  l.e.,  the  aging  of  the  polymer,  is  considerably  more  com¬ 
plex.  This  function  can  be  deteimlned  only  for  certain  mechanical  in¬ 
dices.  Once  the  temperature  function  is  known  it  is  possible  to  extrapo 
late  data  on  temperature-accelerated  aging  to  normal  operational  or 
storage  conditions  for  the  polymer  in  question.  Other  methods  for  pro¬ 
ducing  accelerated  aging  give  only  comparative  results,  which  must  be 
regarded  as  qualitative  and  treated  with  care.  There  are  cases  in  which 
the  varying  sensitivity  of  polymers  to  changes  in  the  accelerating 
agent  (in  oxygen  pressure,  radiation  strength,  etc.),  as  well  as  to 
rises  in  temperature  in  some  cases,  results  in  a  polymer  more  resis¬ 
tant  to  aging  under  operational  conditions  than  another  polymer  becom¬ 
ing  less  resistant  during  accelerated  aging.  Aging  of  polymers  is  of¬ 
ten  accompanied  by  evolution  of  volatile  products,  especially  at  high 
temperatures,  so  that  in  order  to  avoid  migration  of  volatile  ingre¬ 
dients  different  materials  should  not  be  aged  in  the  same  chamber.  For 
the  same  reason,  the  chamber  must  be  slowly  ventilated  with  a  laminar 
flow  of  heated  air,  whose  humidity  should  also  be  rtrlctly  controlled. 
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Aflric  Induced  by  bcnl.  iJunr'  ir,  uauolly  ascoc’nicd  cither  with  eaue  <j1’ 
thermal  destruction  and  subsequent  chain  depolymerization  and  stx-uc- 
turing  or  with  a  noncli  in  cycllzatlon  reaction.  In  the  former  case  the 
n  ost  stable  polymers  ar-e  '..nnso  distinguished  by  low  heats  of  polymer¬ 
ization,  a  phenomenon  associated  with  sterlc  effects;  such  materials 
include  polymethylmethacrylate,  poly-alpha-methylstyrene,  poly  isobuty¬ 
lene,  etc.  Conversely,  a  high  heat  of  polymerization  guarantees  resis¬ 
tance  to  thennal  destr-uction  (as  in  polyethylene,  polyphenols,  etc.). 
Polymers  with  a  substantial  content  of  vinyl  side  chains  (sodium-buta¬ 
diene  rubber,  etc.  )  tend  toward  thermal  cycllzatlon.  Oxidative  proces¬ 
ses  proceed  most  readily  in  polymers  with  a  considerable  number  of 
double  bonds  in  the  1,4  position  (polylsoprene) .  Polymers  with  polar 
substitutions,  such  as  fluoropolymers,  are  very  stable.  Polymers  con¬ 
taining  phenol  rings  in  the  main  chain  arc  highly  resistant  to  thermal 
aging.  Resistance  to  thermal  aging  under  different  conaltlons  varies 
with  the  composition  and  structure  of  the  polymer  molecule;  this  neces¬ 
sitates  careful  selection  of  the  polymer  most  resistant  under  the  con¬ 
ditions  in  question.  The  choice  of  low-molecular  additives  becomes  im¬ 
portant  in  this  case.  Antlaglng  agents  of  the  phenol  type  have  the  best 
protective  action  for  certain  polyme.rs,  while  amines  are  best  for  oth¬ 
ers,  etc.  Compounds  with  two  functional  groups  (antifatigue  agents)  are 
used  to  increase  the  resistance  of  polymer  materials  to  oxidation  under 
fatigue  conditions.  All  these  low-molecular  additives  should  be  highly 
soluble  in  the  polymer  in  question,  light-resistant,  etc.  Protective 
coatings  and  impregnating  substances  are  also  employed.  In  some  cases 
it  is  possible  to  eliminate  the  stresses  which  accelerate  aging. 

Certain  polymers  (polyesters,  polysaccharides,  certain  rubbers)  are 
unstable  unuer  tne  combined  action  of  heat,  light,  oxygen,  and  water 
vapor  (see  Atmospher'  x't  sistance). 
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Aging  of  polymer  materiala  under  the  action  of  radiant  energy , 
ozone,  and  heat.  A  photochemical  process  can  take  place  only  when  ra¬ 
diant  energy  of  a  given  wavelength  Is  absorbed.  The  greatest  aging  Is 
consequently  observed  under  the  action  of  ultraviolet  and  Ionizing 
radiation.  All  polj^mers  undergo  structural  alteration,  l.e.  ,  aging, 
when  exposed  to  sufficiently  Intense  radiation.  Secondary  processes 
(oxidation,  chain  structuring,  and  destruction)  vary  widely  In  polymers 
with  different  coaiipositlons  and  structures.  On  the  whole,  however.  It 
can  be  said  that  light  activates  aging  to  a  greater  extent  than  heat. 
Thus,  the  rate  at  which  rubber  prepared  from  natural  gum  Is  oxidized 
on  irradiation  with  ultraviolet  light  Is  approximately  3  times  greater 
at  40"  than  the  rate  of  "thermal"  oxidation  at  70®.  In  this  case  the 
light  activates  pre-radical  formation  (initiates  the  chain  reaction), 
the  oxidation  rate  being  proportional  to  the  square  root  of  the  radia¬ 
tion  Intensity.  In  order  to  prevent  photooxldatlon  and  aging  one  can 
use  substances  which:  l)  reduce  the  intensity  of  the  light  absorbed  by 
the  polymer  (dyes,  soot,  etc.);  2)  Inhibit  the  chain  reaction  (sub¬ 
stances  of  the  nickel  dlbutyldithlocarbamate  type,  etc.).  Surface  coat¬ 
ings  (powdered  aluminum  In  a  binder,  wax,  paraffin,  etc.  )  are  sometlines 
employed.  The  latter  two  substances  also  Increase  ozone  resistance. 

Aging  of  polymers  reduces  their  useful  life  under  operational  and 
storage  conditions.  Prevention  of  this  phenomenon  is  consequently  a 
serious  national-economic  problem. 

ferences ;  Kuz'mlnsky,  A.S. ,  Lezhnev,  N.N. Zuyev,  Yu.S.  Okislenlye 
kauchukov  1  rezln  [Oxidation  of  Gums  and  Rubbers],  Moscow,  1957;  Lezh¬ 
nev,  N.N. ,  Metody  uskorennogo  teplovogo  stareniya  rezln  [Methods  for 
the  Accelerated  Thermal  Aging  of  Rubber],  Moscow,  1957;  Bll'meyer,  P.U. 
Vvedenlye  v  khlmlyu  1  tekhnologlyu  pollmerov  [Introduction  to  the  Chem- 
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AIR  PERMEABILITY  —  see  Gas  Pemeability. 
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AIR-QUENCHABLE  STEEL  -  steel  that  permits  quenching  in  air,  v;hloh 
greatly  reduces  the  warping  of  components  during  heat  treatment  but  re¬ 
quires  consldei*ably  greater  alloying. 

The  decisive  factor  in  the  formation  of  martensite  is  the  critical 
quenching  rate,  l.e.,  that  cooling  rate  at  which  the  structural  trans¬ 
formation  to  perlite  and  intermediate  phases  is  suppressed.  The  criti¬ 
cal  quenching  rate  depends  on  the  carbon  and  alloying-element  content 
of  the  steel,  as  well  as  on  the  austenitization  temperature;  in  the 
general  case,  the  critical  quenching  rate  decreases  as  the  carbon  and 
alloying-element  content  and  the  austenitization  temperature  increase. 

TABLE  1 

Chemical  Composition  of  Alr'-Quenchable  Steel 
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Pig.  1,  Influence  of 
St/lll  anti  :o :  [..re.ssed 
air  on  oompori‘’nt  cool¬ 
ing.  1)  Cooling  rate, 
®C/sec;  2)  temperature 
“C;  3)  compressed  air; 
4)  still  air. 


Pig.  2.  Influence  of 
tempering  on  mechan¬ 
ical  chcracterlstlcB 
of  30iCh2N2\TA  oteei. 

1)  kg-m/cm^;  a)  kg/ 

/nun^. 
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Quenching  In  liquid  r.edla  always  causes  substantial  defomatlon 
(warping)  of  components  with  complex  E‘apes  fabricated  frori  structural 
Steele,  especially  high-strength  steels.  Subsequent  straightening  of 
such  components  Is  difficult,  even  Impossible  In  some  cases  ir. voicing 
very  complex  components.  This  considerable  warping,  especially  on 
quenching  In  oil,  makes  It  necessary  to  fabricate  components  with  iarge 
tolerances  for  subsequent  correction  to  the  requisite  size. 

Such  defoimiatlo-M  of  components  can  be  materially  reduced  or  even 
completely  eliminated  If  the  steel  Is  capable  of  being  quenched  by 
cooling  In  air.  Quenching  in  moving  air  is  sometimes  employed  to  in¬ 
crease  the  cooling  rate  (Pig.  l).  Air  quenching  of  compcnents  permits 
the  use  of  clamping  devices,  the  coat  of  whose  fabrication  Is  offset 
by  the  decrease  In  expenditures  for  machining  and  heat  treatment  and  by 
the  elimination  of  straightening  operations. 

The  principal  advantage  of  air  cooling  durli'.g  auenching  over  cool¬ 
ing  In  liquid  media  lies  in  the  fact  that  It  Is  possible  to  conduct 
final  machining  of  the  component  before  quenching,  .. e..  In  the  an¬ 
nealed  state. 

Straighteniuji,  ana  macntnlng  or  components  quenched  to  a  high  ul¬ 
timate  strength  often  cause  local  stresses  and  sui’fac:  defects,  which 
reduce  resistance  to  brittle  when  high-strength  steel:  are  employed  ur.- 
der  the  action  of  surface-accive  s'^d  corrosive  media,  £.llmlnatlon  of 
defonnatlcn  during  quenching  consequently  Increases  tho  operational 
reliability  of  components.  However,  air-quenchable  steel  has  one  con¬ 
siderable  drawback;  it  requires  corjslderably  greater  alloying  than 
steel  quenched  in  liquid  media  and  its  ust  Is  thus  not  always  economi¬ 
cal.  Alloying  of  structural  steels  is  most  widely  condi^ted  when  quench 
ing  la  to  be  carried  out  In  liquid  media. 

The  most  commonly  employed  types  of  a Ir-quenchable  steel  are 
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irig  In  air;  l6)  quenching  fr-c-  C' 
at  360'  (cooll-g  In  cll);  l^)  qcen:n 
or  oil),  tempering  at  51G-6SC'  (cool 
8^0-910*’  (cooUng  In  air),  terperlng 
quenching  from  930  +  10“  (cooling  in 
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TABLE  3 

Mechanical  Characterlctlcs  of  30K1;2N2VFA  and  jOKhOG- 
SN2VM  Steels  at  Elevated  Temperatures 
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1)  Steel;  2)  heat  treatment;  3)  tempe  ature  (°C);  4)  kg/mm  );  5)  30Kh- 
2N2VPA  (bars);  6)  30Kh2GSN2VM  (bars)-  7)  quenching  from  940  in  air. 
tempering  at  640“ ;  8)  quenching  from  930°  in  air,  tempering  at. 

TABLE  4 

Long-term  Strength,  Creep  Strength,  and  Durability 
of  30Kh2N2’/?A  Steel  on  Bending 
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STests  conducted  by  cantile.er  bending  at  20°  and 
pure  bendlr^  at  300-990°  witn  notched  specimens. 

1)  Heat  treatment;  2)  temperature  (°C);  3)  2/100  residual  de¬ 
formation;  4)  Cq  o/tcc  ceformatlon;  5)  based  cn  10^  cycles 

6)  kg/fep.^);  7)  quenchirvg  at  940*  (cooling  In  air),  tempering  at  640° 
(cooling  in  air). 


The  physical  characteristics  cf  30Kh2h2vFA  and  juKh2?>2V1V.A  steei 
include:  y  »  7.89,  a  -  11.73-iO”^  (20-100°)  and  l4.y9.10*'^  (400-900°) 
L/'C,  and  X  -  0.094  (20°)  and  O.083  (900*)  cal/cr. •  stc •  °C. 

Technological  characteristics.  Kcl  deformation  cf  lSKb.2N4VA  a- 
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25Kli2N4VA  steels  is  conducited  over  the  temperature  range  1100-850°, 

'  while  that  of  30Kh2N2VPA,  30Kh2N2VFMA,  and  30iai2aN2S'^A  steels  Is  car¬ 
ried  out  at  1180-850°.  Air-quenchable  steel  has  satisfactory  weldabili¬ 
ty  and  is  cut  in  the  same  manner  as  steel  quenched  in  liquid  media.  The 
Brlnell  hardness  of  air-quenchable  steel  (d^^-p)  amounts  to  4.0  mm  after 
annealing  or  high-temper  nomnallzation.  Maximum  softening  of  30Kh2N2VFA, 
30Kh2N2VFMA,  and  30Kh2GN2SVMA  steels  is  achieved  by  isothermal  anneal¬ 
ing  involving  heating  to  800°,  furnace  cooling  to  650°  (or  transfer  to 
another  furnace  at  650°),  holr^iiie^  at  650°  for  from  8  to  16  hr,  and 
cooling  in  air.  The  Impact  strength  of  air-quenchable  steels,  particu¬ 
larly  30Kh2N2VPA  and  SOKh^NavWA,  varies  comparatively  little  as  the 
temperature  is  lowered  to  7C°.  Air-quenched  30Kh2N2VFA,  30Kh2N2VJMA, 
and  30Kh2GN2SVMA  steels  display  through  hardenablllty  for  cylinders 
80  mm  in  diameter  and  plates  40  mm  thick;  after  quenching  in  air  steels 
of  these  types  are  subject  to  the  least  deformation  and  have  the  high¬ 
est  heat  resistance  at  400-550°.  Steels  of  types  iSKhNVA  and  25Kh2N4VA 
have  unlimited  hardenablllty. 

Air-quenchable  steels  are  employed  in  the  manufacture  of  shafts, 
disks,  tie  bolts,  and  other  severely  loaded  components  with  complex 
configurations. 


References :  Gulyayev,  A.P. ,  Terralcheskaya  obrabotka  stall  [Heat 
Treatment  of  Steel],  2nd  Edition,  Moscow,  196O;  Spravochnlk  po  mashin- 
ostroitel 'nym  materlalam  [Handbook  of  Machine-Building  Materials],  Vol. 
1,  Moscow,  1959i  Gudermon,  E. ,  Spetsial 'nyye  stall  [Special  Steels], 
translated  from  German,  Vol.  1,  Moscow,  1959;  Alekseyenko,  M.P. ,  Struk- 
tura  1  svoystva  teplostoyklkh  konstruktsionnykh  1  nershaveyushchlkh 
Staley  [Structure  and  Properties  of  Heat-Resistant  Structural  and 
Stainless  Steels],  Moscow, 1962. 

M.P.  Alekseyenko 
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ALEEDO  -  see  Reflection,  light,  coefficient  of. 
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4LCLAD  —  semifinished  product  (usually  sheet  or  tubing)  of  alunii- 
num  alloy  coated  (clad)  with  a  thin  layer  of  hlgh-purlty  aluminum,  e.g. , 
ADI,  Dl6  and  similar  alloys.  The  cladding  layer  p..otects  the  alloy  from 
corrosion  electro  chemically  and  must  have  a  more  negative  electrochemi¬ 
cal  potential  than  the  basic  alloy.  Hence  pure  aluminum  cannot  be  used 
to  clad  aluminum  alloys.  Alloys  of  the  Al-Mg-Zn-Cu  system  (high-strength 
plastic  aluminum  alloys),  e.g. ,  alloy  V95>  are  for  this  reason  clad 
with  zinc-aluminum  alloys  (l^  Zn,  remainder  Al).  The  thlctaiess  of  the 
cladding  layer  is  determined  by  anticorrosion  requirements  and  its  ab¬ 
solute  magnitude  must  not  drop  below  35  p,.  In  practice,  the  cladding 
thickness  is  specified  in  percent  relative  to  the  thickness  of  the 
sheet  or  tube.  For  thin  sheets  (less  than  2<0  mm),  the  cladding  thick¬ 
ness  makes  up  at  least  4^  of  the  sheet  thickness  on  each  side,  and  at 
least  2^  for  thicker  sheets.  For  special  requirements,  when  there  is  a 
danger  that  significant  amounts  of  alloying  elements  will  diffuse  from 
the  alloy  to  be  protected  into  the  cladding  layer,  the  sheets  are  given 
heavy-duty  cladding  10^  thick  on  a  side.  The  cladding  layer  lowers  the 

p 

material's  ultimate  strength  to  some  extent  (by  1.5-2  kg/mm  )  and  may 
be  quite  detrimental  to  fatigue  strength  (see  Mechanical  properties  un¬ 
der  cyclic  loading). 

O.S.  Bochvar,  K. S.  Pokhodayev 
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ALEXANDRITE 


see  Chrysoberyl. 
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ALFENOL 


see  Magnetically  soft  hlgh-pertneance  alloy. 
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ALPER  -  see  Magnetostrlctlve  materials. 
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ALGINATE  FIBER  -  artificial  fiber  with  alginlc  acid  (hlgh-molecu- 
lar,  linear  polymer),  contained  in  sea  weeds  (in  the  amount  of  25-^05^) 
of  shore  waters  of  the  Pacific  Ocean  and  in  the  seas  at  the  shores  of 
the  USSR,  England,  France  and  Norway,  as  a  base.  Ihe  fibers  are  spinned 
from  water  solutions  of  alginates  (sodium,  potassium  emd  calcium  algin¬ 
ates)  in  the  form  of  filament  threads.  The  fibers  are  distinguished  by 
their  inflammability  and  solubility  in  dilute  alkaline  solutions.  To 
reduce  this  solubility,  alginate  fibers  are  taeated  by  chromium,  beryl¬ 
lium,  iron  and  aluminum  salts;  here  the  so-called  metal-alginate  fibers 
are  spinned  (beryllium  ccanpounds  are  toxic 

Calcium  alginate  fibers  are  characterized  by  higher  indicators 
than  potassium  and  sodium  alginate  fibers.  The  specific  weight  (average) 
of  calcium  alginate  fibers  is  1.75  and  it  depends  on  the  Ca  content 
(for  9-105^  Ca  it  Increases  to  1.78).  This  fiber  is  produced  with  the 
number  el.  A500  (15  microns).  The  moisture  content  of  fibers  with 
C,lk%  Ca  under  standard  conditions  comprises  V^,  and  9,5%  it  Increases 
to  30!^;  when  the  relatlw  humidity  is  lOOJ^,  the  moisute  content  in¬ 
creases  to  51.9%.  The  rupture  length  in  the  dry  state  varies  frcan  10.0 
to  l4,0  km  and  in  the  wet  st-te  it  drops  by  60-705^;  the  elongation  hero 
varies  correspondingly  from  10-14  to  25-^6%.  The  rupture  length  de¬ 
creases  sharply,  and  the  elongation  Increases  in  an  atmosphere  with  65% 
and  particularly  1005^  relative  humidity  in  comparison  with  dry  air  (in 
dry  air  it  Is  19.  0  km  and  10^^,  in  an  atmosphere  with  65%  relative  humi¬ 
dity  it  is  10.05  km  and  I4j^,  in  an  atmosphere  with  100%  relative  humidi¬ 
ty  it  is  2. 6  km  And  26%).  The  rupture  length  of  sodium  and  potassium  al- 
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glnate  fibers  cc^prlses  11  km.  Metal  alginate  fibers  with  aluminum  have 
the  highest  wet  strength.  In  addition,  they  are  characterized  by  low 
solubility. 

Alginate  fibers  are  used  for:  the  production  of  bulky  fabrics  with 
a  soft  touch,  obtaining  skeleton  and  fashion  fabrics  and  lace  products 
(for  this  purpose  alginate  fibers  are  processed  together  with  wool  and 
other  fibers  and  then  the  alginate  fibers  are  removed  fron  the  finished 
fabric  by  a  solution  of  common  salt.  Alginate  and  metal  alginate  fibers 
are  for  producing  fireproof  uniforms,  theater  curtains,  and  other  fire¬ 
proof  articles,  and  also  for  camouflage  nets  (chrome  alginate  fibers). 
In  medicine  alginate  fibers  are  used  In  the  form  of  threads,  surgical 
cotton  and  gauze  for  rapid  retardation  of  bleeding  and  for  healing  of 
bums  without  seams  and  scars;  alginate  fiber  t  treads  which  are  used 
during  surgical  operations  do  not  have  to  be  subsequently  removed, 
since  the  live  tissues  dissolve  them  without  harm  to  the  organism. 

References;  Monkrlff,  R.W.  Chemlca..  Fibers  [translated  from  Eng¬ 
lish],  pages  227-236,  Moscow,  I96I;  Prleoer,  E. ,  "Rayonne  flbranne  at 
fibres  sythfttiques”  [Fiber  Rayon  and  Synthetic  Fibers],  No.  9,  pages 

709-713,  1957. 


V.  M.  Bukhman 
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ALKALI  RESISTANT  MATERIALS  —  are  metals,  alloys  and  nonmetalllc 
compositions  resistant  to  corrosion  in  caustic  alkalis.  The  alkaliproof- 
ness  of  metal  materials  depends,  generally,  on  Its  resistance  to  disso¬ 
lution  in  alkalis  of  the  oxides  or  hydroxides  forming  a  film  on  the 
metal  surface.  The  type  of  alkallproofness  of  nonmetalllc  materials  Is 
based  on  their  chemical  stability  and  their  Inability  to  react  with  al¬ 
kalis.  Gold,  Indium,  cadmium,  nickel,  platlniun,  rhodium,  silver,  titan¬ 
ium,  and  chromium  are  corrosion-resistant  to  solutions  of  caustic  alka¬ 
lis]  Iron,  copper,  lead,  and  tantalum  possess  a  lower  resistance;  tin 
dissolves  slowly  In  caustic  alkalis;  aluminum  and  zinc  dissolve  quickly. 
The  following  alloys  resist  concentrated  solutions  of  caustic  alkalis: 
a)  Iron-chrome-nlckel  and  copper-nickel  alloys.  Monel  metal,  steel  of 
the  Khl8N9  grade,  cast  Iron  with  addition  of  nickel  (the  grades 
SChShch-1  and  SChShch-2)  at  high  temperatures;  b)  the  same  metals  and, 
moreover,  bronze  (at  alkali  concentrations  higher  than  335^)*  iron- 
silicon  alloys  (containing  l4-l6^  Si),  brass,  and  Elektron  metal  at 
normal  tempeiatures.  Iron-chrome-nlckel  alloys,  gold  (in  the  case  of 
NaOH),  nickel  (up  to  500*),  steel  of  the  Khl8N9  grade,  chrome-nickel  al¬ 
loys,  and  zirconium  (up  to  600*)  are  corrosion-resistant  to  meltad  al¬ 
kalis.  The  alkali  resistant  materials  used  for  the  lining  of  appara¬ 
tuses  and  also  for  the  facing  of  fundaments  and  of  floors  of  working 
places  may  be  of  inorganic  or  organic  nature.  Cast  black-colored  ba¬ 
salt  and  diabas  tiles  are  tight  and  are  corrosion-resistant  to  all  al¬ 
kali  solutions-  Ceramic  tiles  (acid-proof  according  to  GOST  961-57)  are 
resistant  to  diluted  alkali  solutions.  Diabas  cement  resists  diluted 
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alkali  solutions  but  not  hot  water.  Bltujnlnol  Is  a  hard  putty  based  on 
bitumen  and  coal-tar  pitch]  it  resists  diluted  alkali  solutions  at  tem¬ 
peratures  from —20®  tc  +60*.  Bitumen  asphalt  with  an  alka^ '.proof  filler 
(limestone  or  dolomite)  Is  used  to  face  floors  affected  by  alkali  solu¬ 
tions  of  a  concentration  up  to  Pitch  asphalt  or  pitch  concrete 

(based  on  coal-tar  pitch  and  resins)  with  am  alkaliproof  filler  may  be 
used  for  the  same  purposes.  Ptich  putty,  resistant  to  alkali  media,  is 
used  to  Join  blocks  and  to  form  Inpenetrable  layers.  The  Arzamit  P  ce¬ 
ment,  stable  In  505C  alkali  solutions,  is  composed  of  a  rescl  resin  and 
a  filler  (silica,  graphite,  barium  sulfate,  etc.).  Arzamite  P  is  used 
as  a  binder  In  the  lining  of  constructions.  Vlnlplast  (see  Polyvinyl 
chloride  plastics)  is  a  plastic  resistant  to  505C  alkali  solutions; 
sheet  vlnlplast  Is  used  for  the  protective  lining  of  containers.  Pcly- 
Isobutylene  sheet  PSG,  a  plastic  with  filler  (carbon  black  or  graphite), 
resists  Sq%  caustic  alkali  solutions  at  100®.  Asbovlnyl  resists  dilu¬ 
ted  alkali  solutions  and  acids  at  normal  tempeiatures.  Kigh-pressure 
polyethylene,  polystyrene  and,  especially,  Ftoroplast-^*  and  Ftcropla.'t- 
3  are  highly  chemically  resistant  to  alkalis.  Ftoroplast-^-  is  absolute¬ 
ly  resistant  to  alkalis  at  temperatures  fro.m  -50®  to  +70".  Some  paint- 
and-varnish  materials  used  in  the  coating  of  metal  constructions  belong 
also  to  the  alkaliproof  materials;  such  materials  are,  for  example, 
epoxy  varnish,  having  an  excellent  resistance  to  alkali  solutions;  mod¬ 
ified  phenol  formaldehyde  varnish  with  a  good  resistance,  arid  nitrocellu¬ 
lose  and  organosllicon  varnishes  with  a  sufficient  resistance  tc  alka¬ 
li  solutions.  To  the  epoxy  materials  belong  as  fclicwr.  the  grcund- 
coat  E-^021;  the  alkaliproof  varnir.h  E-^ICC,  rerlstar.t  tc  a  KCH 

for  30  days;  the  alkaliproof  (green)  enamel  OEP— 171,  re.^l  tant  to  a 
^0%  KOK  at  100"  for  .not  less  than  5  hours  and  the  epoxy-n.lt roce  1  lulo.-e 
enamel  EP-51,  resistant  to  the  action  of  alkalis. 
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vinyl  palnt-and-varnlsh  materials  resistant  to  the  effect  of  alka¬ 
li  solutions  are  as  follows:  the  VKhL-^000  varnish,  the  VKhE-^023  enam¬ 
el,  and  the  divlnylacetylene  varnish. 

References ;  Kllnov^  I-Ya. ,  Kcrrozlya  khlmlcnesKoy  apparatury  1  kor- 
rozlonnostoyklye  materlaly  [Corrosion  of  Chemical  E'iulpment,  and  Cor¬ 
rosion-Resistant  Materials],  3rd  Edition,  Moscow,  I96O;  Bakhvalov,  G. T. 
and  Turkovskaya,  A.V. ,  Koriozlya  1  zashchlta  metallov  [Corrosion  and 
Protection  of  Metals],  2nd  Edition,  Moscow,  1959;  Pul'tsln,  N  M. ,  Tltan- 
ovyye  splavy  1  Ikh  prlmenenlye  v  mashlnostroyenll  [Titanium  Alloys  and 
Their  Application  In  Machine  Building],  Moscow-Lenlngrad,  19^2;  Cher- 
kez,  M.B. ,  Khromlrovanlye  1  zheleznenlye  [Chrome-  and  Iron-Plating], 

2nd  Edition,  Mcscow-Lenlngrad,  I96I;  Antlkorrozlynyye  pokrytlya  strol- 
tel'nykh  konstruktsly  1  apparatury  [Anticorrosion  Coatings  of  Building 
Constructions  and  of  Equipment],  Moscow,  1959;  Lyubimov,  B.V. ,  Spct- 
slal'nyye  lakokrascchnyye  pokrytlya  v  mashlnostroyenll  [Special  Palnt- 
and-Varnish  Coatings  in  Machine  Building],  Moscow-Lenlngrad,  1959' 


M.V.  Cherkez 


III-15ch 


ALLOYED  CAST  IRON  -  Is  a  cast  Iron  which.  In  addition  to  the  ele¬ 
ments  usually  present  In  common  nonalloyed  cast  iron,  contains  special¬ 
ly  added,  so  called  alloying  ingredients,  such  as  nickel,  chromium, 
molybdenum,  vanadium,  titanium,  aluminum,  copper,  zirconium,  magnesium, 
cerium,  boron,  calcium,  tellurium,  which  Impart  various  properties  to 
the  cast  iron.  Manganese  and  silicon  belong  also  to  the  alloying  in¬ 
gredients,  if  their  content  does  not  surpass  2  and  respectively. 

Alloying  of  cast  iron  improves  the  mechanical  properties  (strength, 
plasticity,  wear  resistance)  (Table  1)  by  affecting  the  structure  of 
the  metal  base  and  the  distribution  of  graphite,  and  also  by  deoxida¬ 
tion  (see  Magnesium  iron.  Wear  resistant  iron);  it  equalizes  the  hard¬ 
ness  of  ca- tings  with  different  cross  sections;  it  Increases  or  de¬ 
creases  the  stability  of  the  carbides;  it  Increases  resistance  to  cor¬ 
rosion,  heat,  and  scale  formation,  the  nonmagnet Izabillty,  etc. 

The  metal  base  of  the  iron  structure  is  Improved  by  addition  of 
nickel,  chromium,  molybdenum,  copper,  titanium,  aluminum,  etc. ;  the 
carbides  are  stabilized  by  chromium,  vanadium,  molybdenum,  zirconium, 
tellurium,  boron,  etc.  ;  wear-reslstajice  is  increased  by  nickel,  chrom¬ 
ium,  manganese,  and  copper;  corrosion- resistance  in  aggressive  fluids 
and  in  oxidizing  gases  is  increased  by  chromium,  nickel,  molybdenum, 
aluminum,  and  silicon;  the  stability  of  the  carbides  is  decreased, 
l.e.,  the  graphltizatlon  is  promoted  by  nickel,  aluminum,  silicon,  and 
titanium.  Vanadium,  titanium,  aluminum,  calcium,  cerium,  and  magnesium 
act  as  deoxldizliig  agents.  Hence,  many  of  the  alloying  elements  affect 

in  a  combined  manner  the  properties  of  cast  iron. 
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With  regard  to  the  degree  of  alloying,  l.e.,  the  total  content 
of  alloying  Ingredients,  the  cast  Iron  grades  are  subdivided  Into  low- 
alloy  (up  to  of  alloying  Ingredients),  mcdlujn-alloy  (from  3  to  lOJ^), 
and  hlgh-alloy  (more  than  10^);  with  regard  to  the  microstructure,  the 
cast  Iron  grades  are  subdivided  Into  gray  Iron  with  lamellar  or  spher¬ 
oidal  graphite  having  a  metal  base  from  a  pure  ferritic  up  to  a  pure 
austenitic  structure.  Including  the  pearlltlc,  sorbltlc,  and  balnltlc 
structures,  and  In  white  and  chilled  Irons  (see  Gray  Iron.  Chilled 
Iron) . 

An  addition  of  up  to  35^  of  alloying  Ingredients  Improves  the  mech¬ 
anical  properties  of  the  cast  iron  due  to  an  Increased  dlsperslty  cf 
the  structure  of  the  metal  base.  Thus,  nickel  in  an  amount  of  up  to  3?^ 
prevents  the  formation  of  chilled  areas  In  the  castings  because  it  de¬ 
creases  the  stability  of  the  primary  carbides  and  Improves  the  metal 
base  by  Increasing  the  pearllte  content  and  stabilizing  the  ferrite  In 
the  pearllte.  At  the  same  time,  nickel  Increases  the  strength  of  the 
cast  Iron  and  equalizes  the  hardness  across  the  section  of  the  casting 
(see  Fig.).  A  high-strength  cast  iron  may  be  obtained  by  reducing  the 
total  carbon  content  and  substituting  two  parts  of  nickel  (by  weight) 
for  one  part  of  silicon  (by  weight),  on  the  premises  that  the  content 
of  combined  carbon  does  not  surpass  the  eutectic  carbon  content. 


Equalization  of  the  hardness  and  structure  of  cast  Iron  by  addition  of 
nickel:  1)  0.25^  Nl;  2)  1.55^  Ni.  A)  Hardness,  HB,  kg/mm^;  B)  diameter  of 
the  casting,  mm. 
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TABI£  1 

Effect  of  Nickel  and  Chromium  on  the  Mechanical 
Properties  of  Low-Alloy  Gray  Iron 
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0.07 

0.02 

t.OO 

t.76 

2.34 
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49.3 

220 
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(83 
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1)  Cast  Iron:  2)  percentage  of  elements;  3)  mechanical  properties; 

4)  obshch;  5)  svyaz;  6)  kg/mm^;  7)  medium- silicon,  nonalloyed;  8)  med¬ 
ium-silicon,  chrome-nickel;  9)  hlgh-slllcon,  nonalloyed;  10)  hlgh-sll- 
Icon,  chrome-nickel. 


Chromium,  due  to  Its  carbide-forming  effect.  Is  added  to  gray  Iron 
as  a  hardening  agent  In  quantities  which  dpend  on  the  wall  thickness 
of  the  casting.  The  chromium  content  may  reach  up  to  Vjl>  In  thick-walled 
castings  without  chilling  taking  place;  the  chromium  content  musv  not 
surpass  0.55^  In  castings  of  a  medium  size.  The  chilling  effect  of  chrom 
lum  Is  prevented  by  Its  addition  combined  with  nickel.  The  Ni;Cr  ra¬ 
tion  lays  between  2:1  and  3:1  (Table  1)  in  cast  Iron  with  a  high  car¬ 
bon  content;  this  ratio  rises  up  to  5:1  In  cast  Iron  with  a  relatively 
low  carbon  suid  silicon  content.  Chromium  Is  added  to  cast  Iron  with 
spheroidal  graphite  only  In  the  casting  of  large  sized  parts. 

Molybdenum  affects  the  structure  of  the  metal  base  by  Improving 
the  mechanical  properties  of  gray  Iron;  high-strength  Irons  with  an  acl 
cular  (balnltlc)  structure  may  be  obtained  by  addition  of  molybdenum 
to  chrome-nickel  Iron  or  chrome-iron  (Table  2). 

Low-alloy  chrome-nickel  and  chrome-nlckel-molybdenum  Irons  hardly 
differ  from  nonalloyed  Iron  with  regard  to  their  physical  properties. 
Low-alloy  chrome-nickel  and  chrome-nlckel-molybdenum  Iron  Is  used  for 
high-strength  castings  which  play  an  Important  role  In  the  parts  of 
diesel  engines,  compressor  cr-ankshafts,  camshafts,  and  also  parts  which 
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are  exposed  to  vibration,  wear,  and  heating  at  high  temperatures. 
Clutches,  brake  drums,  and  dies  for  casting  aluminum  alloys  and  copper 
alloys  are  made  from  gray  Iron  of  an  aclcular  structure.  Low-alloy 
chilled  Iron  Is  used  In  the  manufacture  of  rollers  for  rolling  mills, 
etc. 


Small  quantities  of  titanium  are  added  only  to  gray  Iron  with  lam¬ 
ellar  graphite,  because  the  graphltlzlng  capacity  of  tlteuilum  exceeds 
that  of  the  silicon,  and  prevents  the  formation  of  chilled  areas  In 
gray  Iron  with  lamellar  graphite.  An  addition  of  titanium  to  gray  Iron  1 
with  spheroidal  graphite  Is  not  feasible  due  to  Its  Inhibiting  effect 
on  the  formation  of  spheroidal  graphite.  Titanium  forms  titanium  car- 
bonltrldes  which  not  only  Irprove  the  mechanical  properties  of  the  Iron 
but  cause  It  to  have  a  fine-grained  structure  (Table  3). 

TABLE  2 


Chemical  Composition  and  Mechanical  Properties  of 
Gray  Iron  with  Aclcular  Structure 
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1)  Cast  Iron;  2)  percentage  of  elements;  3)  mechanical  properties;  4) 
kg/mm2;  5)  with  lamellar  graphite;  6)  with  spheroidal  graphite. 


TABLE  3 

Effect  of  Titanium  on  the  Mechanical  Properties  of 
Gray  Iron  wlti.  Lamellar  Graphite 
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3.40 

1 .8* 

0.0*3 

23.* 

226 

2 

3.44 

2.08 

0.232 

2*. 2 

18* 

Ij  Melting  unit;  2)  addition  of  ferrotltanlum;  3)  percentage  of  elements; 
4)  mechanical  properties;  5)  kg/mm^;  6)  cupola  furnace;  7)  arc  furnace; 
8)  crulclble  furnace. 
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Alloying  with  titanium  Is  carried  out  by  adding  ferrotltanlum  or 
pig  Iron  containing  titanium  (see  Pig  Iron).  Titanium-containing  cast 
Iron  Is  used  for  parts  exposed  to  wear  (see  Cast  Iron  for  piston  rings) 
and  for  parts  which  must  have  an  Increased  strength. 

Addition  of  up  to  35^  copper  Increases  the  strength  and  hardness  of 
gray  Iron  with  lamellar  graphite.  Low-alloy  gray  Iron  with  lamellar 
graphite,  containing  1.5-2J^  copper,  is  used  mainly  for  castings  which 
are  exposed  to  wear;  malleable  Iron  (see  Malleable  Iron)  is  alloyed 
with  copper  In  order  to  Increase  Its  wear-resistance.  Copper  signifi¬ 
cantly  Inhibits  the  formation  of  spheroidal  graphite  in  high-strength 
magnesium-alloy  Iron. 

Gray  Iron  with  lamellar  graphite  Is  alloyed  with  elements  which 
stabilize  the  carbides,  In  order  to  Increase  the  strength  and  wear-re¬ 
sistance  of  castings,  on  the  condition  that  the  content  of  combined 
carbon  does  not  surpass  that  of  eutectic  carbon.  The  latter  condition 
does  not  apply  to  tellurium  and  born  which  are  added  to  white  Iron  for 
castings  which  are  exposed  to  wear  In  an  abrasive  medium  (see  Wear-re¬ 
sistant  cast  Iron) . 

Small  quantities  of  aluminum  are  added  to  modify  white  Iron  which 
Is  to  be  tempered  Into  malleable  Iron  (see  Modifying  of  cast  Iron). 
Magnesium,  calcium  and  cerium  serve  as  deoxidizing  agents  and  modifiers 
promoting  the  formation  of  cast  Iron  with  spheroidal  graphite  (see  Mag¬ 
nesium-alloy  cast  Iron) . 

These  metals  belong  to  the  group  of  micro-alloying  constituents. 

Medium-alloy  and  hlgh-alloy  cast  iron  Is  used  for  castings  with 
special  properties.  Different  structures  of  the  metal  base  are  formed 
depending  on  the  composition  of  the  alloying  constituents,  their  quan¬ 
tity  and  ratio,  and,  as  a  result  of  these  factors,  the  cast  iron  as¬ 
sumes  special  mechanical,  physical,  or  chemical  properties. 
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References ;  Comstock,  J. ,  Titan  v  chugune  1  stall  [Titanium  In 
^  Cast  Iron  and  Steel],  [translated  from  English],  Moscow,  1956;  Hall, 
A.M. ,  Nlkel'  V  chugune  1  stall  [Nickel  In  Cast  Iron  and  Steel],  trems- 
lated  from  English,  Moscow,  1959;  Grllllat,  J  and  Poirot,  R. ,  "POTider- 
le,"  i960.  No.  178. 
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AIIX>YS  FOR  HBATINO  EUMENTS  *-  metal  alloys  with  a  high  specific 
electrical  resistance  and  hot  strength,  which  are  widely  used  In  many 
areas  of  technology  as  resistance  elements  for  electric  furnaces  and 
various  loading  devices.  The  working  temperature  of  articles  fabricated 
from  these  alloys  reaches  1200**.  The  principal  requirements  Imposed  on 
hlgh-hot-strength  electric  heating  materials  are:  1)  high  hot  strength, 
which  Is  necessitated  by  operational  conditions  and  must  Include  chem¬ 
ical  stability  in  air  and  special  furnace  gases.  2)  A  high  p  and  a  low 
temperature  coefficient.  3)  Satlsfactozy  technological  and  mechanical 
characteristics,  l.e.,  the  ability  to  undergo  machining  when  hot  or 
cold  In  order  to  produce  wire  and  strips  of  the  necessary  size.  4)  Sat¬ 
isfactory  mechanical  strength  at  high  temperatures,  which  must  be  suf¬ 
ficient  to  support  the  weight  of  the  material  itself  and  certain  Inci¬ 
dental  loads  during  hlgh-temperature  operation.  5)  low  cost. 

These  requirements  are  most  fully  satisfied  by  nickel-chromium  al¬ 
loys  (nlchromes)  and  Iron-based  steels  containing  chromium  and  aluminum. 
These  alloys  have  a  phase  structure  consisting  of  solid  solutions, 
which  explains  their  high  p.  Formation  of  nickel-chromium  solid  solu¬ 
tions  also  considerably  Increases  the  hot  strength  of  nickel.  The  chrom¬ 
ium  content  of  nlchrome  rarely  exceeds  305^>  since  a  higher  content 
leads  to  structural  heterogenlzatlon  and  a  decrease  In  alloy  plasticity. 
When  producing  thin  wire  0.3  mm  or  less  In  diameter  the  chromium  con¬ 
tent  should  not  exceed  20j^.  In  order  to  reduce  the  cost  of  nlchromes 
and  improve  their  workability  part  of  the  nickel  Is  replaced  by  Iron 
(up  to  20-255<).  Iron-containing  nlchromes  are  called  ferronlchromes. 
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Alloys  with  this  composition  can  also  be  based  on  ternary  nlckel-chrom- 
lum-lron  solid  solutions. 

TABLE  1 

Chemical  Composition  of  Nlchromes  (DOST  9232-59) 
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1}  Alloy:  2)  no 
5)  Kh20Nte3;  6) 


more  than;  3)  Khl5N60;  4)  Kh20N80; 
remainder. 


TABLE  2 

Principal  Physical  and  Mech¬ 
anical  Characteristics  of 
Khl5N60  and  Kh20N80  Alloys 
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1)  Characteristic;  2)  Khl5N60;  3)  Kh20N80;  4)  Y(g/cm^);  5)  a*10^  at 

20-100*  (1/*C);  6)  c  (cal/g*  ’C);  7)  A  (cal/cm.sec *C) ;  8)  p  at  20* 
(ohm.mm  /fe);  9)  temperature  coefficient  of  electrical  resistance  at 
20-100*;  lO)  of  annealed  alley  (kg/nm^);  11)  6  of  annealed  alloy 
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TABLE  3 

Mechanical  Characteristics  of  Nlchromes  at  High 
Temperatures* 
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*The  alloys  shown  are  experimental. 

1)  Composition  of  alloy  {%) ;  2)  treatment;  3)  Oq  2 
over  100  hr;  4)  kg/aaa^;  5)  up  to;  6)  annealed. 
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TABLE  4 

Chemical  Compoeltlon  of  Iron-Baaed  Hlgh-Hot-Strength 
Alloys  with  High  Electrical  Realstance  (COST  9232-59) 
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1)  Alloy;  2)  no  more  than;  3)  Khl3Yu4;  4)  0Kh23Yu5; 
5)  0Kh23Yu5A;  6)  0Kh27Yu5A;  7)  remainder. 


Xh2QK80T3  alloy  contains  2.0-2,95^  titanium.  The  titanium  content 
of  Khl5N60  and  Kh20N80  alloys  should  be  0. 4j^,  provided  that  a  lower  con¬ 
tent  Is  not  indicated  In  the  specifications  for  the  components  to  be 
fabricated.  Alloys  Intended  for  wire  of  microscopic  size  cannot  contain 
aluminum,  while  a  zirconium  content  of  up  to  0.3Ji  Is  pennisslble  if  no 
titanium  Is  present.  Especially  rigid  requirements  are  Laposed  on  the 
sulfur  and  phosphorous  contents.  Sulfur  forms  a  sulfide  eutectic  along 
the  grain  boundaries,  while  phosphorous  Increases  the  brittleness  of 
the  alloy.  The  carbon  content  is  also  limited,  since  any  substantial 
carbide-phase  precipitation  leads  to  a  decrease  in  the  plasticity  and 
service  life  of  nlchromes.  Manganese,  aluminum,  and  silicon  are  metal¬ 
lurgical  impurities  and  their  content  should  not  exceed  IJt.  Only 
Kh20N80T3  is  supplementally  alloyed  with  tltanlur;  and  aluminum  in  order 
to  Increase  its  strength,  hot  strength,  and  heat  resistance  (a  contribu¬ 
tion  of  the  aluminum). 

QOST  2238-58  gives  the  values  of  p  for  nlchromes  as  a  function  of 
wire  diameter.  Nlchromes  have  high  plasticity  and  strength  at  both  room 
and  working  temperatures. 

Despite  the  fact  that  hlgh-hot-strength  alloys  of  the  nlchrome 
type  have  a  good  canblnatlon  of  physicochemical  and  mechanical  charac- 
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terlstlc3,  they  are  being  displaced  by  cheaper  Iron-based  heat-resis¬ 
tant  steels. 

The  titanium  content  of  these  alloys  should  not  be  more  than  0.3%- 
The  "Electrostal'”  Plant  produces  certain  steels  of  this  type  with  a 
high  chromium  content  (EI-290,  EI-340)  and  with  rare  elements  as  modi¬ 
fying  additives  (EI-595,  EI-626);  structurally  these  steels  ajre  solid 
solutions  based  on  o-lron.  A  higher  chromium  content  causes  appearance 
of  a  o-phase,  which  embrittles  the  metal.  The  carbon  content  of  heat- 
resistant  steels  Is  strictly  limited  (to  0. 06-0. 12jK) ,  since  formation 
of  carbides  reduces  plasticity  and  service  life.  Although  silicon  In¬ 
creases  the  electrical  resistance  of  Iron  to  a  greater  extent  than  other 
elements,  it  Is  unwise  to  add  more  than  1^,  since  larger  quantities  of 
this  element  cause  the  allow  to  lose  Its  capacity  for  machining.  In 
certain  handbooks  Khl3Yu4  and  OKh23Yu5  are  referred  to  as  fekhral'  and 
khromal’. 

TABLE  5 

Specific  Electrical  Resis¬ 
tance  of  Iron-Chromlum-Alum- 
Inum  Alloys  and  Diameter  of 
Wire  Produced  (GOST  2238-58) 


Cans  j 

1 

1 

4  1 

2  i 

\  i 

[  •  1 

1  ; 

1  »P»  20*  1 

' _ iJ 

iX<>nyrt«« 

•  u 

5 

xii»n  6 

ft  ;  10. 0 

1 

to  t>l 

1  >1 

0 

b  z  i ft, e 

I  .31 

I  O.dj 

1)  Alloy;  2)  d  of  wire  jfmm);  3)  nominal  p  at  20°;  4)  permissible  de¬ 
viation  In  p;  5)  ohm-mm^/b;  6)  lChl3Yu4;  7)  0Kh23Yu5;  8)  0Kh23Yu5A. 

Fekhral'  has  a  mean  temperature  coefficient  of  electrical  resis¬ 
tance  at  15-100*  of  0.00018  1/®C,  l.e.,  2-3  times  that  of  khromal'  or 
ferronlchrome.  Fekhral'  is  widely  used  In  the  manufacture  of  loading 
rheostats,  household  appliances,  low- temperature  res  let  ^-^ce  furnaces. 
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TABLE  6 


Principal  Physical  and  Mechanical  Characteristics 
of  Alloys  Nos.  1,  2,  3  and  4 
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1)  Characteristic;  2)  alloy  No.  1;  3)  alloy  No.  2  (OKh23yu5);  4)  alloy 
No.  3;  5)  alloy  No.  4;  6)  p  at  20®  (ohm^nun^/^) ;  7)  a*10o  at  20-100® 

(l/*C);  8)  y  (g/cm^);  9)  (kg/fem^);  10)  HB  (kg/nni^);  11)  machlnabll- 

Ity;  12)  working  temperature  In  heating  devices  (“C);  13)  when  hot  or 
cold;  14)  by  polishing  only  when  cast;  15)  brittle  fracture  under  ten¬ 
sion. 


TABLE  7 

Loss  In  Weight  of  Alloy  No. 
2  on  Oxidation  In  Compari¬ 
son  with  Type  Kh20N80  Nl- 
chrome 
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.52  ^ 

dw  ;  5  ■  rt  ! 

iS-  3;;* 
i«33 
io-  rtilj 
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lA 

Xuio  M2  .5 

^•«p>>w  A3OHI0 

t2oo  2*0  I 
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i.-.i  j 

2  **•) 

Cojui  M  Z 

I. 'Ml  r;o  L 

r  *'  ' 

X29NI0 
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‘  t*.'0  fl 

I  i  ! 

(m.i  *»- 
«wrT«  m 

l)  Alloy;  2)  test  temperature  (°C):  3)  test  time  (hr);  4)  loss  In 
weight  (g/n*hr);  5)  alloy  No.  2,  6)  Kh20N80  nlchrome;  7)  fuses. 


etc.  Work  conducted  tc  Investigate  the  pftyslcochemlcal  properties-  of 
and  to  develop  a  fabrication  technol;>gy  fcr  OKh23Vu5  alloy  (alloy  No. 

2)  also  led  to  recommendation  of  the  Pe-Cr-Al  alloys  numbered  1,  3,  and 
4.  Alloy  No.  1  contains  l6-19{!f  C.r  and  4.0-6.05J  A1  and  Is  Intended  for 
operation  at  temperatures  of  up  to  1000®.  Alloys  Ncs.  3  and  4  are  re- 
cocBEended  for  operation  at  temperatures  cf  up  ro  1300-1450'.  Allv.y  No, 

3  contains  40-455^  Cr  and  7.5-125^  Al,  while  alloy  Kc.  4  contains  65  7056 
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Cr  and  7-  5-12J^  Al. 

Hlgh-chromlum  alloys  Nos.  3  and  4  containing  7-lOJ^  aluminum  also 
have  a  uniform  coarsely  crystalline  structure  consisting  of  ternary 
solid  solutions.  They  are  Intended  for  practical  utilization  only  In 
the  cast  state.  Despite  there  very  valuable  comblr^tlon  of  electrical 
and  technical  characteristics  they  have  not  come  Into  wide  use,  since 
they  are  very  complex  to  produce  and  very  b  Ittle.  Alloy  No.  2,  ’-^hlch 
Is  highly  scale-resistant,  Is  the  more  widely  employed.  It  Is  the  only 
Iron  (or  even  nickel)  alloy  which  can  operate  at  1200®  without  consid¬ 
erable  oxidation.  For  data  on  the  scale  resistance  and  p  of  the  afore¬ 
mentioned  alloys  In  various  media  see  GOST  9232-59* 

Components  of  alloy  No.  2  can  successfully  function  at  various 
temperatures  in  air,  oxygen,  hydrogen,  nitrogen,  hydrogen  sulfide,  and 
hydrocarbons.  Like  all  other  Iron-chromlum-alumlnum  alloys,  alloy  No.  2 
becomes  brittle  at  high  temperatures  as  a  result  of  extreme  grain 
growth  and  fractures  on  bending  by  45-90®.  A  coarse-grained  alloy  can 
be  made  plastic  by  heating  It  to  3C0®  or  more.  Straightening  and  bend¬ 
ing  of  components  must  be  carrl^'d  out  at  these  temp'“rature3. 

Investigation  of  the  hct  strength  of  alloy  No.  2  by  centrifugal 
bending  over  the  temperature  range  600-120C’  made  it  possible  to  estab¬ 
lish  the  maximum  stresses  which  this  alloy  can  withstand  for  500  hr  on 
deformation  by  bending  (Table  8). 

It  can  be  seen  from  tne  data  cited  that  alloy  Ka.  2  itas  a  very  low 
creep  strength  on  bending  at  1000-1200°.  It  can  consequently  be  used 
for  loiig  periods  without  additional  loading.  Wire,  sheets,  and  tubes 
are  now  produced  from  alloy  No.  2;  It  Is  employed  experimentally  In  In¬ 
dustrial  pyrolysis  apparatus. 
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TABLE  8 


~rr 

KttH- 

faANii 

npwMkiiM 
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(■!/««>)  ^ 
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*0 
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iOOO 

to 

<200 

2-2,5 

l)  Test  temperatarep('’C) j  2)  maximum  stress  required  to  produce  a  bend 
rise  of  5  mm  (kg/cm  ). 

Alloys  of  the  Kanthal  type  are  produced  in  Sweden.  These  alloys 
are  very  similar  in  composition  to  OKh23Yu5,  but  also  contain  3*2- 
3.8j^  cobalt  and  have  strictly  limited  carbon,  silicon,  and  manganese 
contents  (no  more  than  0.04-0.055^  of  each  element).  This  highly  precise 
chemical  composition  permits  certain  types  of  Kanthal  to  reach  working 
temperatures  of  1250-I300®. 

Alloys  are  tested  for  service  life  by  the  accelerated  method  des¬ 
cribed  in  OOST  2419-58.  In  essence,  this  method  consists  in  testing 
wire  specimens  by  high-frequency  alternate  heating  to  the  maximum  work¬ 
ing  temperature  and  cooling  until  the  surface  darkens.  Three  specimens 
from  each  batch  of  wire  are  tested  and  the  results  are  regarded  as  sat¬ 
isfactory  if  they  do  not  deviate  from  the  arithmetic  mean  by  more  than 
+12J^. 


References ;  Usov,  V.V. ,  Zaymovskly,  A.3.,  Provodnikovyye  reostat- 
nyye  1  kontaktnyye  materlaly  [Lead,  Rheostat,  and  Contact  Materials], 
Moscow-Lenlngrad,  1957 > (Meta lly  1  splavy  v  elektrotekhnlke  [Metals 
and  Alloys  in  Electronics],  Vol.  2);  Smiryagln,  A. P. ,  Promyshlennyye 
tsvetnyye  metally  1  splavy  [Commercial  Nonferrous  Metals  and  Alloys], 
2nd  Edition,  Moscow,  1956;  Kornilov,  I. I.,  Splavy  zhelezo-khrom-al- 
yuminly  [Iron-Chromlum-Alumlnum  Alloys],  Moscow-Lenlngrad,  1945 
(Zheleznyye  splavy  [Iron  Alloys],  Vol.  l);  Kornilov,  I. I.,  Mikheyev, 
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V.S.  Zharoprochnyye  splavy  No.  1  1  No.  2  [Hlgh-Hot-Strength  Alloys  Nos. 

1  and  2],  Sverdlovsk-Moscow,  19^3*  Kornilov,  I. I.,  Zharoprochnyy  splav 
No.  3  [Hlgh-Hot-Strength  Alloy  No.  3h  Moscow-Lenlngrad,  19^7;  Kornilov, 
I. I.,  Mikheyev,  V.S.,  Tr.  In-ta  metallurgll  AN  SSSR  [Transactions  of 
the  Institute  of  Metallurgy,  Academy  of  Sciences  USSR],  1957»  No.l, 
pages  124-131. 

I. I.  Kornilov  and  P.B.  Budberg 
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ALLOYS  FOR  SOIDERING  TC  GLASS  —  alloys  used  In  the  manufacture  of 
radio,  electron-beam,  and  x-ray  tubes.  They  should  be  readily  wetted 
by  molten  glass  and  yield  vacuum-type  Joints  with  glass  and  ceramics. 
The  coefficient  of  thermal  expansion  (a)  of  these  alloys  should  be  sim¬ 
ilar  to  the  a  of  glass  over  the  range  between  the  lowest  working  tem¬ 
peratures  and  the  annealing  temperature  of  glass.  N29K18  (kovar)  and 
N3OKI3D  alloys  are  used  for  soldering  to  heat-resistant  glasses  (a  - 
-3-5*10“^),  while  Khl8T5M,  N47Kh,  N47Kh3,  N47KhB,  N47I)5,  and  N33K1 
alloys  are  used  for  soldering  to  less  heat-resnstant  glasses  (a  ~  8- 
10* 10”^).  The  most  widely  used  alloys  are  N29K18  and  Khl8TPM. 

References ;  Solov'yeva,  N.A. ,  Yudkevlch,  M.I.,  in  book:  Pretslzlon- 
nyye  splavy  [Precision  Alloys],  Moscow,  1956  (Sb.  tr.  TsNIIChM  [Collec¬ 
tion  of  Works  of  the  Central  Scientific  Research  Institute  of  Ferrous 
Metallurgy  Imenl  I. P.  Bardin],  No.  15);  Smolyarenko,  D.A. ,  Kaplan, 

A.S.,  Standartlzatsiya  [Standardization],  1959^  No.  3>  page  13. 


B. G.  Livshits  and  A. A.  Yudin 
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ALLOYS  FOR  THERMOCOUPLES  -  alloys  which  make  It  possible  to  ob¬ 
tain  NK-SA  and  NZh-SK  thermocouples  without  correction  for  the  temper¬ 
ature  of  the  free  ends.  For  all  their  simplicity,  ordinary  thermoelec¬ 
tric  thermocouples  have  one  substantial  drawback,  the  fact  that  their 
thermal  emf  depends  on  the  heating  of  their  free  ends.  In  this  connec¬ 
tion  it  is  necessary  to  use  resistance-calibrated  leads  and  to  Include 
a  special  device  (corrector)  in  the  temperature- indicating  circuit  to 
correct  automatically  for  the  temperature  of  the  free  ends.  A  better 
solution  to  the  problem  is  use  of  thermoelectrode  alloys  which,  when 
coupled,  begin  to  display  a  pronounced  thermal  emf  at  50-100“  (or  some¬ 
what  higher),  depending  on  operational  conditions.  Alloys  of  this  type 
for  uncorrected  thermocouples  were  first  developed  in  the  USSR.  The 
metallurgical  industry  produces  thermoelectrode  wire  from  NK  and  SA 
alloys  (GOST  6072-51)  for  NK-SA  thermocouples,  which  measure  tempera¬ 
tures  of  300-1000“  (GOST  6071-51),  and  from  NZh  and  SK  alloys  for  NZh- 
SK  thermocouples,  which  measure  temperatures  of  100-900“  (TUTsM  I38I- 
60).  The  table  shows  the  basic  characteristics  of  NK,  SA,  NZh,  and  SK 
alloys.  The  figure  shows  the  thermoelectric  characteristics  of  NK-SA 
and  NZh-SK  thermocouples. 

Use  of  uncorrected  thermocouples  simplifies  the  pyrometrlc  setup 
by  eliminating  the  need  for  compensating  leads  and  a  corrector  In  the 
temperature-indicating  (galvanometer)  circuit  and  increases  the  ac¬ 
curacy  with  which  the  temperature  can  be  read  from  the  Indicator  scale, 
which  has  more  widely  spaced  divisions,  since  reading  begins  not  at 
0  degrees  but  at  a  higher  temperature.  Moreover,  there  is  no  need  to 
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Physical  and  Mechanical 
Characteristics  of  NK,  SA, 
NZh,  and  SK  Alloys 
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20 
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^Length  -  100  mm. 

p  p 

l)  Alloy;  2)  (kg/mm  );  3)  no  less  than;  4)  p  at  20®  (ol-im»mni  /m); 

5)  thermoelectric  '^.onunlformlty  (mv,  no  more  than);  6)  MK;  7)  SA;  8) 
NZh;  9)  SK. 


Thermoelectric  characteristics  of  NK-SA  and  NZh-SK  thermocouples,  l) 
Thermal  emf,  mv;  2)  typical  calibration  for  standard  thermocouples;  3) 
NZh-SK;  4)  NK-SA;  5)  temperature,  °C. 


determine  the  temperature  of  the  free  ends. 


References ;  Popov,  M.M. ,  Termometrlya  1  kalorlmetrlya  [Thermometry 
and  Calorimetry],  Moscow-Lenlngrad,  1934;  L'vov,  M.A. ,  Prlbory  dlya  Iz- 
merenlya  temperatur  v  metallurgll  [Temperature-Measuring  Instruments 
In  Metallurgy],  Moscow,  1944;  Toperverkh,  N.I.,  Izmerltel ’nyye  1  regul- 
Iruyushchlye  prlbory  na  metallurglchesklkh  zavodakh  [Measuring  and 
Regulating  Instruments  In  Metallurgical  Plants],  Khar ’kov-Moscow,  1941; 
Kul'bush,  G. ,  Kalinin,  A.,  Tochnaya  Industrlya  [Precision  Industry], 
1933,  Nos.  3-4;  Keinath,  Gr. ,  Arch,  techn.  Messen  [Archives  of  Tech¬ 
nical  Measurement],  1934,  Vol.  4,  No.  37»  page  97;  Thomas,  H. ,  Z. 
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Metallkunde  [Journal  of  Metalworking],  1944,  Vol.  36,  No.  6. 

A.L.  Shpltsberg 
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ALLOY  STEEL  FOR  PEFMANENT  MAGNETS  —  tungsten,  chromium,  and  co¬ 
balt  steels  containing  approximately  1^  C.  Magnets  with  high  coercive 
strength  are  obtained  by  quenching  the  steel  to  martensite.  The  full 

Chemical  Composition,  Magnetic  Characteristics,  and  Hardness  of  Alloy 
Steels  for  Permanent  Magnets  (GOST  6862-54)* 
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l)  Steel;  2)  content  of  elements  {%)•,  3)  magnetic  characteristics;  4) 
residual  induction  B  ;  5)  coercive  force  gausses;  8)  oersteds; 

8)  no  less  than;  9)  gauss ‘oersted;  10)  kg/m*^;  11)  YeKh;  12)  YeKh3;  13) 
Ye7V6;  l4)  YeKh5K5;  15)  YeKh9K15M. 


heat-treatment  cycle  Is  complicated  by  the  fact  that  steels  of  this 
type  have  a  tendency  toward  precipitation  ''f  carbides.  Steel  to  be  mach¬ 
ined  Is  first  subjected  to  softening  tempering  at  65O-825®.  The  carbide 
transformations  which  take  place  during  this  process  greatly  reduce  the 
coercive  force  of  the  steel  ("breakdown").  The  "broken  down"  steel  then 
undergoes  "corrective"  treatment  —  noimallzatlon  ac  1000-1250°.  The 
final  operation  Is  quenching  from  800-1050°  In  water  or  oil  after  hold¬ 
ing  for  no  more  than  IO-I5  min  (in  order  to  avoid  carblde-lnduccd  "break¬ 
down"),  which  produces  finely  aclcular  martensite.  The  table  shows  the 
chemical  composition  and  characteristics  of  alloy  steels  for  permanent 
magnets.  The  magnetic  characteristics  of  chromium  and  tungsten  steels 
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do  not  greatly  exceed  those  of  simple  carbon  steels  with  the  same  car¬ 
bon  content.  The  part  played  by  the  chromium  and  tungsten  essentially 
reduces  to  Increasing  the  hardenablllty  of  the  alloy  and  stabilizing 
Its  magnetic  properties.  Cobalt  steel  has  far  higher  magnetic  character¬ 
istics.  Steels  of  this  type  are  limited  In  use.  They  are  being  displaced 
by  alnl  and  alnlco  alloys,  which  have  much  higher  magnetic  characteris¬ 
tics  (see  Alnl  alloys). 

References ;  Zaymov&kly,  A.S. ,  Chudnovskaya,  L. A. ,  Magnltnyye  ma- 
terlaly  [Magnetic  Materials],  3rd  Edition,  Moscow-Lenlngrad,  1957  (Me- 
tally  1  splavy  v  elektrotekhnlke  [Metals  and  Alloys  In  Electronics], 

Vol.  1). 

fi.O.  Livshits  and  A.  A.  Yudin 
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ALLOY  STRUCTURAL  CASTINQ  STEEL  —  low-  and  medium-alloy  steel  for 
cast  machine  components;  It  Is  distinguished  from  carbon  steel  by  Its 

higher  strength  and  plasticity.  The  total  alloylrig-element  content  of 

* 

these  steels  generally  does  not  exceed  the  carbon  content  of  re- 
finable  steels  Is  C.20-0.30j£  and  that  of  cementable  steels  is  0.07-0.20^. 
In  complex  alloying  with  several  elements  at  the  same  time  the  advan¬ 
tages  given  the  steel  by  each  element  may  be  combined;  this  imparts 
good  casting  properties  to  the  steel  and  gives  the  castings  a  fine¬ 
grained  structure,  good  hardenablllty  and  temper  resistance,  and  high 
plasticity,  viscosity,  and  strength.  Complex  alloying  with  silicon, 
manganese,  chromium,  nickel,  etc.,  makes  it  possible  to  Increase  the 
0^  of  the  steel  to  I5O-I7O  kg/ran  while  retaining  satisfactory  plasti¬ 
city.  The  following  are  the  principal  types  of  heat  treatment  employed 
for  shaped  castings:  annealing,  nonnalizatlon  and  tempering,  quenching 
in  a  liquid  medium  and  tempering,  and  Isothermal  quenching  in  a  hot  me¬ 
dium.  It  is  wise  to  use  less  stringent  heat  treatment,  such  as  normal¬ 
ization  and  tempering,  Isothemral  quenching,  or  annealing,  for  complex 
elongated  components  with  a  tendency  to  warp. 

Alloy  structural  casting  steels  differ  little  in  physical,  chemi¬ 
cal,  and  certain  technological  characteristics  from  shaping  steels  of 
similar  composition;  as  far  as  mechanical  characteristics  are  concerned, 
these  two  types  of  steel  differ  in  plasticity  and  Impact  strength.  In 
cast  steel  these  characteristics  are  somewhat  lower  alor.g  the  grain  and 
higher  across  the  grain  than  those  of  shaping  steel. 

Table  1  shows  the  chemical  composition  of  the  alloy  structural 
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casting  steels  widely  used  In  Industry. 

Molybdenum  can  be  employed  as  a  substitute  for  tungsten  In  35KhML 
and  30KhNML  steels.  When  the  steel  Is  smelted  In  furnaces  with  acid 
linings  the  permissible  sulfur  and  phosphorus  contents  can  be  raised  by 
0.01^  each.  Table  2  shows  the  mechanical  characteristics  of  these  steels 
after  final  heat  treatment.  The  meciianlcal  properties  of  castings  are 
checked  on  specimens  cast  in  lost-metal  molds  or  cut  from  separately 
cast  test  bars  heat-treated  at  the  same  time  as  the  castings. 

TABLE  1 

Chenlcal  Composition  of  Alloy  Structural  Casting  Steels 
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I)  Steel:  2)  content  of  elements  (St);  3)  no  more  than;  U)  other  ele- 
nents;  5)  TU  or  GOST;  6)  27aL;  7)  40G2L:  8)  40KhL;  9)  35KhiiL;  10)  20GSL; 

II)  35KhML;  12)  iGKhOTL;  13)  30GSTL;  14)  33Ki-.GSML:  15)  30KhNML;  16) 
JOKhNVL;  1?)  27KhGSNL;  18)  30I»0iSNL;  19)  GOST;  20)  AMTU. 


Figure  1  shows  the  variation  In  the  mechanical  characteristics  of 
ertal.n  types  of  steel  as  a  function  of  heat-treatment  regime  and  caat- 
ng-wall  thickness.  The  mechanical  characteristics  of  the  steels  at 
arlous  temperatures  were  determined  on  specl.mens  cut  Vroif.  bam  30  am 
hick,  while  the  properties  of  bars  with  different  thicknesses  were  de- 
emlned  after  tempering  at  65O-67O*. 

Castings  with  ccxnplex  shapes  are  subjected  to  nonr.allzatlon  and 
•mperlng  rather  than  quenching  ar.d  tempering,  in  order  to  reduce  In- 
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temal  stresses. 

Increasing  casting-wall  thlcki»ess  from  12-25  nun  to  100  mm  causes  a 
decrease  In  mechanical  characteristics.  In  this  case  there  Is  a  drop  of 
7-lOji  In  yield  strength  and  ultimate  strength,  15-1856  in  relative  elon¬ 
gation,  and  25-3056  In  relative  reduction  in  area. 

Figure  2  shows  the  change  In  the  mechanical  characteristics  of 
types  30KhNVL  and  30KChSNL  steels  at  elevated  temperatures. 

Thln-walled  castlPigs  (with  walls  IO-I5  miri  thick)  of  40G2L,  35Kh- 
OSML,  and  27KhQSNL  steels  can  be  quenched  and  tempered  at  a  lather  low 
temperature  to  Increase  their  strength.  Figure  3  shows  the  Influence  of 
tempering  temperature  on  the  Increase  Ir  tne  strength  of  27KhGSNL  steel. 

laotheiroal  quenching  In  potassium  nitrate  or  alkali  at  280-320® 
with  a  holding  time  of  2-3  hr  makes  it  possible  to  obtain  higher 
strength  In  combination  with  high  plasticity  in  27KhGSNL  and  other 
steels;  !'•  comparison  with  quenching  in  oil  use  of  this  type  of  heat 
treatment  promotes  a  decrease  In  »ie  warping  of  complex  elongated  cast¬ 
ings,  but  also  causes  a  reduction  in  the  hardenablllty  of  the  steel. 

Type  l6KhOTL  can  be  used  as  a  cementable  steel;  In  this  case  the 
castings  are  subjected  to  double  quenching  and  tempering  at  I5O-I7O®. 

Annealing  or  normalisation  and  tempering  are  employed  as  pi'ellmln- 
ary  heat  treatment  for  high-strength  steel  castings. 

A  decrease  In  plasticity  and  Impact  strerigth  I’esultlng  frcm  em¬ 
brittlement  of  the  grains  during  crystallisation  is  observed  In  high- 
strength  steels  (35KhGSML,  27KhGSNL,  etc.  )  when  test  bars  are  cast  In 
hot  molds  (ceramic  or  lost-r.etal).  The  curves  given  In  Fig.  A  charac¬ 
terize  the  strength  of  27KhGSNL  steel  under  repeated  static  loading 
(static  durability). 

Figures  5  ®nd  6  show  the  mechanical  characteristics  of  high- 
strength  steels  at  elevated  and  low  ter.pcratures. 
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Pig.  1.  Influence  of  tempering  temperature  and  casting-wall  thickness 
on  the  mechanical  characteristics  of  steel:  a)  40KhL;  b)  30KhNML;  c) 
30DKhSNL.  Nonnallzatlcn  and  and  quenching  temperature  -  850-880°.  l) 
kg/Wn^;  2)  quenching;  3)  nomallzatlon;  4)  tempering  temperature,  *0; 
5;  wall  thickness,  mm. 


The  physical  characteristics  of  the  majority  of  alloy  structural 
casting  steels  Include:  y  =  7.8  (7.78  for  27KhQSNL  steel)  and  a*10^ 
(1/°C)  =  11.0  (25-100‘),  13.0  (25-300°),  and  14.5  (25-600°). 

The  majority  of  alloy  structural  casting  steels  have  a  X  «  0.08- 
0.095  (20°)  cal/cm ‘sec • °C. 
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Fig.  2.  Mechanical  characteristics  of  cast  30KhNVL  (solid  line)  and 
30DKhSNL  (dash  line)  steels  at  elevated  temperatures.  Quenching  and 
annealing  at  670“.  l)  kg/mm^;  2)  temperature,  “C. 


Fig.  3*  Influence  of  tempering  temperature  on  the  mechanical  character¬ 
istics  of  27KhGSNL  steel.  Quenching  in  oil  from  890°  (wall  thickness  - 
up  to  15  nim).  l)  kg/mm^j  2)  tempering  temperature,  °C;  3)  kg-m/cm^. 


Fig.  4.  Curves  showing  static  durability  of  27KhGSNL  steel.  Quenching 
from  390°.  1)  kg/mm^;  2)  number  of  loading  cycles  to  fracture;  3)  tem¬ 
pering  at  200°;  4)  Isothemial  quenching. 


The  corrosion  resistance  of  these  steels  is  rather  low. 

Wltn  respect  to  technical  characteristics,  alloy  structural  cast¬ 
ing  steels  have  a  x^ree  linear  shrinkage  of  2. 0-2. 2^.  Figure  7  shows 
the  flowablllty  of  certain  types  of  steel.  These  steels  are  smelted  in 
electric  arc  and  Induction  furnaces,  while  open-hearth  furnaces  are 
used  for  large  castings.  Casting  is  ca.  •led  out  in  loam,  shell,  chill, 
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TABLE  2 

Mechanical  Characteristics  of  Alloy  Structural  Cast¬ 
ing  Steels  After  Final  Heat  Treatment  (no  less  than) 
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l)  Steel;  2)  TU  or  COST;  3)  final  heat-treatment  temperature  (®C);  4) 
normalization  or  quenching;  5)  tempering;  6)  Icg/Wi^;  j)  kg-m/cm^;  8) 
normalization  and  tempering;  9)  quenching  and  tempering;  10)  200SL;  11) 
35KhML;  12)  35NGVL;  13)  30KhNML;  l4)  30KhNVL;  15)  30DKhSNL;  16)  27GL; 
17)  40G2L;  18)  the  same;  19)  30GSL;  20)  40KhL;  21)  35KhNL;  22)  l6KhaTL; 
23)  35KhML;  24)  30GSTL;  25)  35KhaSML:  26)  30KhNML;  27)  30KhNVL;  28) 
30DKhSNL;  29)  27KhGSNL;  30)  GOST;  3l)  AMTU;  32)  In  potassium  nitrate 
from  300*. 
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Fig.  5.  Mechanical  characteristics  of  35KhGSML  steel  at  elevated  tem¬ 
peratures  (dashed  curves  -  quenching  In  oil  from  890“  and  tempering  at 
600®,  solid  curves  -  Isothermal  quenching  in  potassium  nitrate  at  380*). 

1)  2)  temperature,  ®C. 
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Fig.  6.  Mechanical  characteristics  of  27KhGSNL  steel  at  low  tempera¬ 
tures  (solid  curves  -  isothermal  guenching,  dashed  curves  -  quenching 
and  tempering  at  200°.  l)  kg-m/cm^;  2)  kg/mm^;  3)  temperature,  ®C. 

lost-metal,  and  ceramic  molds.  The  most  flexible  molds  (e.g.,  shell 
molds)  are  employed  for  thin-walled  castings  of  high-strength  steel, 
which  have  an  especially  strong  tendency  toward  hot  cracking.  Castings 
of  alloy  structural  casting  steel  with  a  low  carbon  content  weld  well. 
Castings  of  such  steels  with  carbon  contents  of  0.3^  or  more,  which 
tend  to  alr-harden,  should  be  heated  to  150-350°  before  welding  or 
sealing  up  defects;  the  castings  are  annealed  immediately  after  weld¬ 
ing  in  order  to  relieve  stresses  and  prevent  formation  of  welding 
cracks. 

Alloy  structural  casting  steels  are  readily  cut  in  the  annealed 
state. 

These  steels  are  used  in  Instrument  building  (components  of  in¬ 
struments,  apparatus,  etc.),  shipbuilding  (stern-posts,  anchors,  pro¬ 
pellers,  etc.),  machine  building  (steam-  and  water-turbine  housings, 
valve  and  nozzle  housings,  wheels,  spiral  conveyors,  cylinders  and 
slide-valve  housings  for  steam  engines,  pistons,  etc.),  the  manufac¬ 
ture  of  metallurgical  equipment  (canponents  of  presses,  hammers,  roll¬ 
ing  spans,  rolling  rollers,  punches,  die  blocks,  etc.),  and  in  railroad 
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machine  building  (locomotive  frames,  firebox  frames,  wheels,  crank¬ 
shafts,  Journal  boxes,  etc.)* 


Pig.  7*  Flowablllty  of  steels:  l)  40KhL,  30KhNML;  2)  35DKhSL,  30DKhSNL; 
3)  35KhML,  30KhNVL;  4)  35KhGSL;  5)  27KhGSNL.  a)  Flowablllty  -  bar 
length,  mm;  b)  casting  temperature,  “C. 

Steels  alloyed  with  manganese  and  silicon  are  used  for  casting 
components  with  Increased  yield  strength,  ultimate  strength,  and  dura¬ 
bility;  manganese  steels  containing  nickel,  silicon,  and  tungsten  are 
employed  for  components  which  must  have  substantial  hardness  and 
strength  and  high  Impact  strength.  Steels  alloyed  with  nickel  and  chrom¬ 
ium  are  used  for  components  which  must  combine  high  plasticity  with  high 
Impact  strength  and  fatigue  strength  at  room  and  low  temperatures  (com¬ 
ponents  of  pumps,  refrigeration  equipment,  and  mining  and  metallurgical 
equipment).  Steels  alloyed  with  manganese  and  chromium  and  having  an 
elevated  carbon  content  are  Intended  for  components  subject  to  wear 
(sprocket  wheels  and  gears  for  reduction  gears  and  drill  winches,  pipe- 
cutter  components);  components  for  cementation  are  cast  from  low-carbon 
steels  (l6KhGTL).  Chromium-nickel  steels  containing  molybdenum,  tungs¬ 
ten,  titanium,  and  copper  are  used  for  hlgh-stress  components  which 
must  combine  high  strength  with  high  plasticity,  fatigue  resistance, 
and  durability  (sprocket  wheels,  gears,  shafts,  excavator-bucket  com¬ 
ponents,  etc.),  as  well  as  for  components  which  must  function  at  eleva¬ 
ted  temperatures  (components  of  oll-drllllng  and  petroleum-cracking 
equipment.  In  boiler  and  pipe  fabrication  and  shipbuilding).  The  multi- 
component  alloy  steels  35KhGSML,  27KhGSNL,  etc.,  are  employed  for  oast- 
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Ing  high-strength  thln-walled  aircraft  components  (chassis  components: 
tie  beams,  connecting  pieces,  brackets,  and  struts,  as  well  as  various 
load-bearing  assemblies,  motor  support  frames,  etc.). 

References ;  Metallovedenlye  1  termlcheskaya  obrabotka  stall  1 
chuguna  [Metalworking  and  Heat  Treatment  of  Steel  and  Pig  Iron],  Hand¬ 
book,  Moscow,  1956j  Akimov,  G.V.  and  Akimova,  K. I.,  Yedlnaya  spetsi- 
flkatslya  metalllcheskikh  materialov  mashlnostroyenlya  Soyuza  SSR  [Com¬ 
posite  Specifications  for  Metallic  Machine-Building  Materials  In  the 
USSR],  Pt.  3»  Moscow,  1948j  Nekhendzi,  Yu. A.,  Stal'noye  lit 'ye  [Steel 
Casting],  Moscow,  19^8]  Kershenbaum,  Ya.M. ,  Markhasln,  E.L. ,  Yaroshev- 
skly,  P.M. ,  Tekhnologlya  prolzvodstva  neftepromyslovogo  oborudovanlya 
[Production  Technology  of  Petroleum-Refining  Equipment],  Moscow-Lenln- 
grad,  1948;  Steel  Castings  Handbook,  1950,  Cleveland,  1950;  Trubltsyn, 
N.A. ,  Saveyko,  V.N, ,  Bldulya,  P.N.,  Goryachaya  treshchinoustoychlvost ' 
litoy  uglerodlstoy  stall  [Hot-Cracking  Resistance  of  Cast  Carbon  Steel], 
Moscow,  1958  (Peredovoy  nauchno-tekhn.  1  prolzv.  opyt  [Advanced  Scien¬ 
tific,  Technical,  and  Production  Experience],  No.  M-58-207/4). 
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ALLOYS  WITH  HIGH  ELECTRICAL  RESISTANCE  -  rheostatic  alioys  with 
working  temperatures  of  up  to  400®  and  heat-resistant  alloys  for  heat¬ 
ing  elements  with  working  temperatures  of  up  to  1200®. 

TABLE  1 


Chemical  Composition  of.  Products  Manufactured  from, 
and  Purpose  of  Rheostatic  Alloys  (GK)ST  492-52) 
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l)  Alloy j  2)  chemical  comoosltion  ;  3)  type  of  semifinished  product; 
4)  typical  application;  5)  MNMts3-12  manganln;  6)  MNMts40-1.5  constan- 
tan;  7)  MNTsl5-20  argentan;  8)  remainder;  9)  strips,  sheets,  bands,  and 
wire;  lO)  strips  and  wire;  ll)  for  electronic  components  and  measuring 
Instruments;  12)  for  electronic  components  and  compensating  leads;  13) 
for  precision  mechanical  instruments,  electronic  components,  and  tech¬ 
nical  vessels. 


Rheostatic  alloys  can  be  divided  Into  two  groups,  thos  e  for  pre¬ 
cision  resistors  and  those  for  starters  and  regulating  rheostats.  Al¬ 
loys  for  precision  resistors  should  have  a  p  highly  constant  with  time, 
a  low  temperature  coefficient  of  electrical  resistance,  and  a  low  ther¬ 
mal  emf  when  coupled  with  copper;  alloys  for  starters  and  regulating 
rheostats  can  have  less  stable  characteristics  than  the  alloys  of  the 
1st  group.  Rheostatic  alloys  should  also  have  good  corrosion  resistance 
and  high  plasticity  for  cold  drawing  into  fine  wire. 

All  the  aforementioned  requirements  are  most  fully  satisfied  by 
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TABLE  2 

Basic  Physical  and  Mechani¬ 
cal  Characteristics  of  Man- 
ganln,  Constantan,  and  Ar- 
gentan 
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8.4 
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8,7 

16 

0,0976 
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0,436 

14.4 

0.0977 

0,06 

0,48 

16,6 

0.096 

0,06-0.08 

0.26 

3- 10-' 

210-‘* 

2  10-* 

1 

40 

14.4 

50-66 

30 

40-60 

30 

38-4  5 
36-46 

100 

600 

260 

♦A  value  of  2 ‘10“  can  be 
obtained  by  careful  screening 
(see  Constantan). 

1)  Characteristic]  2)  manganln;  3)  constantan;  4)  argentan;  5)  y  (g/ 
/cm3);  6)  a*10^  at  20-100’ (l/°C) ;  7)  c  at  IS**  (cal/g.^’C);  8)  X(cal/cin. 
•sec**C);  9)  p  at  20*  (ohm.iran  /m);  10)  temperature  coefficient  of  elec¬ 
trical  resistance  at  20-100°  (l/°C);  11)  thermal  emf  when  coupled  with 
copper  (m,v/°C);  12)  of  annealed  alloy  (kg/mm^);  I3)  6  of  annealed 
alloy  (j^);  14)  perroisslble  working  temperature  (°C) 


alloys  consisting  of  solid  solutions  formed  over  a  wide  concentration 
range  during  the  Interaction  of  metals  in  group  I  of  the  periodic  sys¬ 
tem  (Cu,  Ag,  Au)  with  metals  Ir  groups  VI,  VII,  and  VIII  (Cr,  Mn,  Ni). 
Copper-based  alloys  are  of  the  greatest  commercial  Importance.  The  pre¬ 
cision  alloy  known  as  manganln  is  widely  employed.  Addition  of  nickel 
to  this  alloy  greatly  reduces  its  thermal  emf  when  it  is  coupled  with 
copper  (to  1  nv/°C),  which  permits  almost  complete  avoidance  of  thermal 
currents. 

0 

Manganln  strips,  bands,  and  wire  have  a  p  of  0.42-0.48  ohm •mm  /m 
at  20°,  while  their  temperature  coefficient  of  electrical  resistance  is 
3 •10“^  1/°C  over  the  range  20-100°. 
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There  are  alloys  of  the  manganln  type  which  contain  aluminum 
(izabellln)  plus  1.55^  iron  (novokonetantan)  Instead  of  nickel.  These 
alloys  have  considerably  more  precise  characteristics  than  manganln  and 
are  used  principally  for  technical  purposes,  as  in  starters. 

Investigation  of  ternary  Mn-Cu-Nl  alloys  has  established  that  those 
containing  65-70^  Mn,  I5-2056  Ni,  and  5-20Ji  Cu  have  a  p  =  1.9-1.96  ohm* 

2  /  -*5 

•mm  /m  and  a  temperature  coefficient  of  electrical  resistance  of  5*10 
1/®C  at  20-100®.  The  p  of  these  alloys  Is  thus  4  times  higher  than  that 
of  manganln.  Alloys  with  this  composition  have  very  good  technical 
characteristics  and  can  be  used  to  produce  strips,  wire,  and  other  pro¬ 
ducts  for  the  electronics  Industry. 

A  copper-nickel  alloy  of  the  constantan  type  has  less  precise  char¬ 
acteristics  than  manganln.  According  to  the  GOST,  Its  total  Impurities 
should  not  exceed  0.9^.  Mn  Is  also  a  metallurgical  Impurity. 

As  can  be  seen  from  Table  2  constantan  has  a  far  higher  therrual 
emf  than  manganln,  which  makes  manufacture  of  precision  resistors  from 
constantan  quite  advantageous.  A  less  expensive  high- resistance  alloy 
than  manganln  or  constantan  Is  argentan.  In  which  part  of  the  nickel 
Is  replaced  by  zinc  (Table  l).  This  alloy  has  a  lower  electrical  re¬ 
sistance  than  manganln  or  constantan.  Argentan  wire  becomes  brittle 
above  200-250®. 

Nlckellne  (a  copper  alloy  containing  30-355^  Nl  and  2-3Jf  Mn)  has 
roughly  the  same  characteristics.  There  are  also  precision  rheostatic 
alloys  based  on  precious  metals,  particularly  silver  containing  10-175^ 
manganese  and  3-95^  tin,  but  these  are  of  no  great  pi’actlcal  significance. 

References :  Usov,  V.V. ,  Zaymovskly,  A.S.,  Provodnlkovyye  reostat- 
nyye  1  kontaktnyye  materlaly  [Lead,  Rheostat,  and  Contact  Materials], 

3rd  Edition,  Moscow-Lenlngrad,  1957  (Metally  1  splavy  v  elektrotekhnlke 
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[Metals  and  Alloys  In  Electronics],  Vol.  2)j  Agladze,  R.I.,  Mokhov,  V. 

M.  Soobshch.  AN  Qruz.  SSR  [Reports  of  the  Academy  of  Sciences,  Georgian 
SSR],  1954,  Vol.  15,  No.  1,  pages  33-40;  Smlryagln,  A.P.,  Promyshlennyye 
tsvetnyye  metally  1  splavy  [Conjnerclal  Nonferrous  Metals  and  Alloys], 

2nd  Edition,  Moscow,  1956- 

N.N.  Kornilov  and  P.B.  Budberg 
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ALLOYS  V’lTH  SPECIAL  PHYSICAL  CHARACTERISTICS  -  alloys  whose  prin¬ 
cipal  function  Is  to  ensure  a  definite  value  for  some  physical  charac¬ 
teristic;  mechanical  and  technical  characteristics  play  a  subordinate 
role  in  this  case.  Many  of  these  materials  are  precision  alloys  In  the 
sense  of  having  rigid  requirements  Imposed  on  their  composition  and 
production  technology. 

Alloys  with  special  physical  characteristics  can  be  divided  Into 
the  following  groups;  l)  soft  magnetic  materials,  which  are  character^ 
Ized  by  high  Initial  and  maximum  permeability,  a  low  coercive  force, 
and  small  hysteresis  and  eddy  losses.  The  requirements  Imposed  on  these 
alloys  depend  on  the  purpose  for  which  they  are  Intended.  For  example, 
materials  for  relay  cores  should  have  a  low  coercive  force  and  residual 
Induction,  while  those  for  the  cores  of  hlgh-power  electromagnets  should 
have  a  high  saturation  Induction.  Soft  magnetic  materials  Include  iron 
(armco,  carbonyl,  and  electrolytic),  electric  sheet  steel,  and  hlgh- 
permeabliity  alloys  (permalloy,  alslfer,  alfenol,  and  termenol).  2) 
hard  magnetic  materials  (alloys  for  permanent  magnets)  should  have  a 
high  coercive  force,  a  high  residual  Induction,  and  a  softening  curve 
with  a  high  curvature  factor.  They  Include  quenched  martensitic  steels 
(chromium,  tungsten,  and  cobalt),  cast  and  cermet  alloys  of  the  alnl 
type,  and  shaping  alloys.  Oxide  and  crust  magnets  constitute  a  special 
group.  Additional  requirements  are  Imposed  on  hard  magnetic  materials 
In  certain  cases  (e.g. ,  maximum  specific  hysteresis  losses  for  matejr- 
lals  to  be  used  In  the  rotors  of  hysteresis  motors).  3)  Magnetic  ma¬ 
terials  with  special  characteristics:  an  elevated  penneablllty  con- 
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stant  (perminvar,  Izopemi,  magnetodielectric)  or  high  saturation  Induc¬ 
tion  (permendyur,  etc.)*  This  group  Includes  alloys  exhibiting  high 
magnetostriction  and  thennomagnetlc  alloys.  4)  Alloys  with  a  high  sped 
flc  electrical  resistance;  these  Include  alloys  for  precision  resistors 
which  must  have  a  low  temperature  coefficient  of  electrical  resistance 
and  a  low  thermal  emf  when  coupled  with  copper  (manganln,  constantan), 
alloys  for  starters  and  regulating  rheostats  (nlckelene,  argentan), 
heat-resistant  alloys  for  heating  elements  (nlchrome,  ferronlchrome, 
fekhral',  khromal',  megaplr,  etc.),  and  alloys  for  tensometers,  whose 
resistance  must  bv®  highly  sensitive  to  deformation.  5)  Alloys  whose  co¬ 
efficient  of  thermal  expansion  Is  0  (invar,  superinvar)  or  fixed  (al¬ 
loys  for  soldering  the  glass  and  ceramics).  6)  Alloys  whose  temperature 
coefficient  of  modulus  of  elasticity  is  close  to  zero  (ellnvar,  etc.). 
7)  Alloys  for  thermocouples,  thermobimetal 11c  materials,  etc. 

References ;  Fretslzlonnyye  splavy  (Precision  Alloys],  Sb.  trudcv 
TsNIIChM  [Collection  of  Works  of  the  Central  Scientific  Research  Insti¬ 
tute  of  Ferrous  Metallurgy  Imenl  I.P.  Bardin  [No.  15,  Moscow,  1956;  No. 
22,  Moscow  1959;  No.  23,  Moscow,  I96O;  Livshits,  B.G.  ,  Flzlchesklye 
svoystva  metallov  1  splavov  [Physical  Characteristics  of  Metals  and 
Alloys],  Moscow,  1959;  Zaymovskly,  A.S.  and  Chudnovskly,  L.A.,  M::^- 
nltnyye  material/  [Magnetic  Materials],  3nd  Edition,  Moscow-Lenlngrad , 
1957  (Metally  1  splavy  v  elektrctekhnlke  [Metals  and  Alloys  In  Electro¬ 
nics  [,  Vol.  1);  Usov,  V.V.  and  Zaymovskly,  A.S. ,  Provodnlkovyye  rco- 
statnyye  1  kontaktnyye  materlaly  [Lead,  Rheostat,  and  Contact  Mater¬ 
ials],  3rd  edition,  Moscow-Lenlngrad,  1957  (metally  1  splavy  v  elec- 
trotekhnlke  (Petals  and  Alloys  In  Electronics),  Vcl,  2);  Bczort,  R. , 
Perromagnetlzr.  [Ferromagnetism],  translated  fi English,  Moscow,  1956. 
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AIJ4I  ALLOYS  —  nonplastic  alloys  for  permanent  magnets  based  on  the 

Fe-Nl-Al  system,  the  ones  most  widely  used  by  virtue  of  their  high  mag- 
TABLE  1 

Chemical  Compositions  and  Magnetic  Properties  (after 
QOST  9575-60  and  QOST  4402-48) 
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Alley 

Content  of  elements 
Residual  induction  B  (gausses) 

Coercive  force  K  (oersteds)  ^ 

Specific  magnetlS  energy  (BH)  Stt  (ergs/cm^) 
ANl  (aim  1) 

YuND4  (AN3) 

AKK  (alnlsl) 

YaND12 

YuNDK15  (ANKo2) 

YuNI»C35T5 

Y>aNDK24(ARKo4,  magnlko) 

YUNDK24B 
YuNIMC25BA 


netlc  properties  and  ease  of  fabrication.  A  special  point  to  be  ob¬ 
served  In  heat-treating  these  alloys  Is  that  they  are  cooled  from  high 
temperature  at  a  critical  rate  that  ensures  a  state  of  high  coercivlty 
(Table  2),  The  composition  of  the  alloy  Is  selected  In  such  a  way  as  to 
obtain  the  optlrvuir.  properties  at  a  suitable  critical  cooling  rate.  The 
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TABLE  2 

Recommended  Heat-Treatment  Conditions  (after  GOST 
9575-60  and  GOST  4402-48) 


ANl 

YuND4 

AHK 


Quenching  from  1200°  in  boiling  wa¬ 
ter  or  normalization  from  1200° 
(for  thin  magnets) 

Normalization  from  1100° 

Normalization  from  1200° 


YuND12 

Y<jND8 

YUNDK15 


YuNDK35T5 


YuNDK24T2 

YuNDK24 

YuNDK24B 

YuNDK25A 

YaNDK25BA 


Quenching  from  1280°  (cooling  in  hot 
water) j  tempering  at  590° 

Quenching  from  1300°  in  a  magnetic 
field  with  H  ^  iOO  kiloamperes/m 
(cooling  from  900  to  700°  at  an 
average  rate  of  1-5°  per  sec); 
tempering  at  590° 

Quenching  from  1220°  in  a  magnetic 
field  H  >  100  kiloamperes/m  (cool¬ 
ing  as  rapid  as  possible  to  850- 
800°,  subsequent  cooling  to  700° 
at  a  rate  of  0.5-2°  per  sec);  tem¬ 
pering  at  590° 

Same,  but  quenching  from  1250° 

Same,  but  at  a  rate  of  1-1.5°  per 
sec 

Same,  but  at  a  rate  of  1.5-2° 
per  sec. 


magnetic  properties  of  Fe-Ni-Al  alloys  are  highest  at  contents  of  27-32^ 
Ni  and  12-l4/^  Al,  but  the  Ni  content  should  be  lowered  and  the  A1  con¬ 
tent  raised  for  magnets  weighing  more  than  1-2  kg  in  order  to  lower  the 
critical  cooling  rate.  Copper  additives  raise  the  properties,  compen¬ 
sating  for  the  decrease  in  properties  that  results  from  deviation  from 
the  optimum  Ni-Al  composition.  Copper  also  stabilizes  the  properties 
with  regard  to  variations  in  ciiemlcal  composition.  The  introduction  of 
1%  Si  (alnlsi)  lowers  the  critical  cooling  rate  sharply  -  which  is  of 
Imiportance  in  producing  high  properties  in  heavy  magnets.  A  further  in¬ 
crease  in  magnetic  energy  can  be  achieved  by  the  introduction  of  Co 
(more  than  12^)  and  Cu  (up  to  6^).  A  high  content  of  copper  (8-12^)  im¬ 
proves  the  flow  properties  of  mold-cast  alloys.  A  sharp  Increase  in  mag- 
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netlc  energy  Is  obtained  by  thenriomagnetlc  treatment  (cooling  In  a  mag¬ 
netic  field  from  the  critical  temperature)  In  alloys  with  Increased  Co 
content  (>  The  particularly  high  properties  of  the  last  two  al¬ 

loys  listed  In  Table  1  are  attained  by  creating  crystallographic  and 
magnetic  texture  simultaneously  (by  orienting  the  directions  of  crys¬ 
tallization  during  solidification  and  heat  treatment  In  a  magnetic 
field). 

Alnl  alloys  are  stable  to  structural  and  magnetic  aging;  partial 
demagnetization  to  stabilize  tha  magnetic  flux  Is  Justified  only  for 
precis Ion- instrument  magnets.  The  basic  shortcoming  of  these  alloys  is 
brittleness.  Magnets  made  from  them  are  fancy-shaped  castings  and  admit 
of  machining  only  by  grinding.  For  small  magnets,  this  process  gives  a 
very  small  useful  yield.  Magnets  weighing  up  to  a  few  tens  of  grams  and 
complex-shaped  magnets  are  made  by  i-he  powder-metallurgical  method.  The 
coercive  force  of  the  cermet  magnets  Is  the  same  as  that  of  the  cast 
magnets,  but  the  residual  Induction  and,  accordingly,  the  energy  are 
10^  lower  than  those  of  the  case  types. 

The  field  of  application  of  alni-alloy  magnets  Is  extremely  wide: 
electrical  measuring  instruments,  telephone  apparatus,  recorders,  mag¬ 
netos,  electrical  machines,  magnetic  clutches,  etc. 

References :  Livshits,  B.G.  and  L'vov,  V.S.,  Vysokokoertsltlvnyye 
splavy  na  zhelezonlkel 'alyumlniyevoy  osnove  [Hlgh-Coerclvlty  Alloys  on 
the  Ircn-Nlckel-Alumlnum  Base],  Moscow,  I96O;  Zaymovskly,  A.S.  and 
Chudnovskaya,  L,  A. ,  Magnltnyye  materlaly  [Magnetic  Materials],  3rd  edi¬ 
tion,  Moscow-Lenlngrad,  1957  (Metally  1  splavy  v  elektrotechnlke  [Me¬ 
tals  and  Alloys  In  Electrical  Engineering],  Vol.  l);  Dovgalevskly,  Ya. 
M, ,  Splavy  dlya  postoyannykh  magnltov  [Alloys  for  Permanent  Magnets], 
Moscow,  1954;  Bozort,  R. ,  Perromagnetlzm  [Ferromagnetism],  translated 
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from  the  English,  Moscow,  1956. 

B.  Q.  Livshits,  A.  A.  Yudin 
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ALODIZING  OP  ALUMINUM  ALLOYS  ~  see  Chemical  oxidation  of  aluminum 
alloys. 


li(l 


ALPHA  +  BETA-BRASS  —  brass  containing  from  36  to  45^  Zn  and  having 
a  mixed  structure  consisting  of  crystals  of  the  a-  and  S-phases  of  the 
copper-zinc  system  after  heat  treatment  and  mechanical  working.  The  al¬ 
pha  +  beta-brasses  Include  L62,  L60,  IS59-1,  LS6O-I,  LO6O-I,  IJyitsA57-3- 
1,  IMts58-2,  LZhS58-l-l,  LZhMts59-l-l  and  LAN59-32.  The  brasses  of  this 
group  are  somewhat  stronger  than  alpha-brass. 


Ve.S.  Shpichlnetskiy 
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ALPHA-BRASS  -  brass  containing  up  to  Zn  end  having  the  struc¬ 
ture  of  the  a-solld  solution  of  the  copper-zinc  system  after  heat 
treatment  and  mechanical  working.  The  alpha-brasses  Include  brasses  L96, 
L90,  I185,  L80,  L68  and  L70.  Alpha-brasses  are  easily  cold-  and  hot- 
worked. 


Ye.S.  Shplchlnetskly 


ALPHA-TITANIUM  -  an  allotropic  modification  of  titanium.  Titanium 
has  two  allotropic  modifications,  which  are  designated  a  and  p.  The 
temperature  of  the  allotropic  transformation  for  pure  titanium  is  882°. 
Alpha-titanium  is  the  low-temperature  modification,  stable  below  882°, 
and  has  a  dense-packed  hexagonal  lattice;  the  high-temperature  modifica¬ 
tion  (p-tltanlum)  is  stable  at  temperatures  above  882°,  and  has  a  body- 
centered  cubic  lattice.  The  crystal  lattice  constants  of  a-tltanlum  are 
a  =  2.9503  +  O.OOO3A;  c  =  4,6830  +  0.0005Aj  c/a  =  1.5873  +  0.0007.  The 
constants  of  the  p-tltanlum  crystal  lattice  at  20°  (extrapolation)  are 
3.283  +  O.OO3A.  The  lattice  constants  of  a-  and  3-tltanium  are  strongly 
influenced  by  oxygen,  nitrogen  and  carbon  impurities.  Oxygen  and  nitro¬ 
gen,  which  form  interstitial  solid  solutions,  influence  the  parameter 
c  more  strongly  than  a,  l.e.,  they  expand  the  crystal  lattice  in  the 
direction  perpendicular  to  the  base  plane  (0001 ),  increasing  Its  hexa- 
gonality.  At  room  temperature,  there  are  12  slip  systams  and  I8  twin¬ 
ning  planes  in  a-tltanlum.  The  presence  of  a  large  number  of  slip  and 
twinning  planes  accounts  for  the  high  plasticity  of  titanium  at  room 
temperature  as  compared  with  other  hexagonal-lattice  metals  (magnesium, 
zinc,  cadmium).  The  ratio  c/a  =  1.5873,  which  is  2.9^  smaller  than  the 
ideal  value  for  dense  packing  (1.633).  The  compression  of  the  lattice 
in  the  direction  of  the  c-axls  reduces  the  difference  between  the  num¬ 
ber  of  atoms  in  the  base  plane  and  the  other  lattice  planes,  thereby 
depriving  the  base  plane  of  its  exclusive  position  as  the  only  slip 
plane.  The  density  of  a-tltanlun  at  25  +  2°  la  4.507  +  O.OO5  g/cm^.  The 
danelty  of  p-tltanlum  (at  900°),  as  calculated  from  the  lattice  con- 

lUk 


stants,  is  4.32-4.35  g/cm^,  as  a  function  of  the  purity  of  the  original 
titanium. 

References ;  Parratt,  L. 0. ,  "Phys.  Rev.,"  1936,  Vol.  50,  No.  1; 
Duwes,  P. ,  "Trans.  Amer.  Inst.  Mining  and  Metallurgical  Engrs,"  1951, 
Vol.  191,  page  765;  McQulllaln,  A.D. ,  "Proc.  Roy.  Soc.  A,"  1950,  Vol. 
204,  page  309;  Rostoker,  W. ,  "Trans.  Amer.  Inst.  Mining  and  Metallurgi¬ 
cal  Engrs,"  1952,  Vol.  194,  page  98I. 


Ye. A.  Borisova 
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ALmZED  THAHIUM  LAYER  -  see  Titanium  alloys. 
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ALSII?ER 


see  Magnetically  soft  hlgh-permeance  alloy. 
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alternating  stress  cycle  -  a  cycle  in  which  maxUnum  and  minUnum 
stresses  differ  in  sign.  See  Fatigue. 

G.  T.  Ivemov 
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AIAJMEL  >-  an  alloy  used  in  pyrometry  aa  the  negative  theznoelec- 
trode  of  the  chromel-alumel  (KhA)  thermocouple,  and  in  the  form  of  coia- 
pensatlon  wlree;  type  designation  NMts  AIC2-2-1. 

TABLE  1 

Chemical  Composition  of  Alumel  (^} 


•Cobalt  Is  present  as  an  impurity  In  nickel.  To 
ensure  the  required  theraal  electromotive  force 
value,  the  newly  revised  COST  provides  for  a  co¬ 
balt  content  between  0.6  and  1.  0%. 

l)  Basic  elements;  2)  impurities;  3)  total  Impui^ 
Itles;  4)  not  over;  5)  r'emalnder. 

TABLE  2 

Physlccsnechanlcal  Properties 
of  Alumel 
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KhA  thermocouples  are  used  to  measure  temperatures  up  to  1000°. 

Use  of  the  thermocouples  above  1000“  Is  not  recommended,  since  on  pro¬ 
longed  holding  at  high  temperatures,  the  change  In  theimal  electromo¬ 
tive  force  becomes  quite  pronounced.  Alumel  Is  produced  In  4  thermal 
electromotive  force  dasses.  There  Is  a  chromel  of  the  corresponding 
calibration  class  for  calibration  of  each  alumel  class.  By  grouping  al- 
umels  and  chromels  of  Identical  classes,  we  obtain  the  standard  calibra¬ 
tion  for  the  chromel-alumel  thermocouple. 

References :  Popov,  M.M. ,  Termometrlya  1  kalorimetrlya  [Thermometry 
and  Calorimetry],  2nd  edition,  Moscow,  1954;  Toperverkh,  N.I.,  Izmeri- 
tel'nyye  1  regullruyushchlye  prlbory  na  metallurgicheskikh  zavodakh 
[Measuring  and  Control  Instruments  for  Metallurgical  Plants],  Khar'kov- 
Moscow,  1941;  Berkovskly,  I.Ya.  and  Kolokolova,  A.G. ,  Nlkelevyye  Splavy 
[Nickel  Alloys],  Moscow-Lenlngrad,  1941;  L'vov,  M.A. ,  Prlbory  dlya  iz- 
merenlya  temperatur  v  metallurgll  [Instruments  for  Temperature  Measure¬ 
ment  In  Metallurgy] ,  Moscow,  1944;  Smiryagin,  A. P.,  Promyshlennyye 
tsvetnyye  metally  1  splavy  [Industrial  Nonferrous  Metals  and  Alloys], 

2nd  edition,  Moscow,  1956. 

A.  L,  Shpltsberg 
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KhA  =  khromel '-alyumel '  =  chromel-alumel 
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rocT 

=  GOST  =  Gosudarstvenn3ry  obshchesoyuznyy  standart  = 
State  All-Union  Standard 
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pi  =  plavlenlye  =  melting 
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ALUMINIZING  OF  STEEL  -  saturation  of  the  surfaces  of  steel  compon¬ 
ents  with  aluminum  with  the  object  of  Increasing  resistance  to  scaling 
at  700-900°  and  above  as  well  as  resistance  to  atmospheric  corrosion. 
Low-carbon  steel  is  most  frequently  aluminized.  Steel  is  aluminized  In 
powdered  mixtures  consisting  of  50^  A1  (or  ferroaluminum),  49^  AlgO^  and 
1^  NH^^CL  or  99^  ferroaluminum  and  1%  NH^^CL.  Holding  for  8  hours  at 
1000°  produces  a  layer  0.40-0.45  nim  deep  consisting  of  the  solid  solu¬ 
tion  of  aluminum  in  a-lron  with  Inclusions  of  the  compound  FOgAl^.  To 
reduce  the  brittleness  of  the  aluminized  layer,  the  parts  are  sometimes 
given  diffusion  annealing  at  900-1100°.  Aluminizing  of  steel  Is  parti¬ 
cularly  Important  In  metallizing  large  workpieces.  In  this  process,  a 
layer  of  aluminum  powder  0.4-0. 6  mm  thick  is  applied  to  the  surface  of 
the  piece,  followed  by  a  coat  of  Insulation  and  diffusion  annealing. 

For  steel  aluminizing  In  liquid  metal,  a  melt  of  aluminum  with  6-8^ 

Iron,  a  bath  temperature  of  700-8on°  and  holdintr  timr^  3  tc  '15 

minutes  are  used.  Jiteel  Is  aluminized  In  the  fabrication  of  internal- 
combustion  engine  exhaust  manifolds,  air  and  steam  radiators,  parts  of 
apparatus  for  cracking  petroleum  and  natural  gas,  steam-boiler  nozzle 
heads,  gas-generator  tractor  combustion  chambers,  and  the  like.  Galvan¬ 
izing  is  gradually  being  supplanted  by  aluminizing  of  steel  In  fused 
aluminum  (sheets,  wire,  pipes,  structural  components,  household  uten¬ 
sils). 

References ;  Prosvlrln,  V.  I.  and  Zudin,  I.F,,  Povysheniye  zharoupor- 
nostl  zhelezouglerodlstykh  splavov  alitlrovanlyem  [Increasing  the  Heat 


Resistance  of  Iron-Carbon  Alloys  by  Aluminizing],  Moscow-Leningrad, 
1944;  Florin,  K. P. ,  ’Tr.  Mosk.  In-ta  khlm.  mashlnostr. "  [Transactions 
of  the  Moscow  Institute  for  Chemical  Machinery],  1957,  Vol.  12;  Cforod- 
nov,  P.T. ,  "Metallovedenlye  1  termlcheskaya  obrabotka  nietallov”  [Physi¬ 
cal  Metallurgy  and  i;he  Heat  Treatment  of  Metals],  196I,  No.  2,  pages 
55-57j  Corodnov,  P.T,,  Povyshenlye  zharostoykostl  stal’nykh  Izdelly  me- 
todom  alltirovanlya  [Increasing  the  Heat  Resistance  of  Steel  Parts  by 
Aluminizing],  Moscow,  1962. 


A.N.  Mlnkevlch 


I- 58a 


ALUMimJM,  A1  -  a  chemical  element  of  the  3rd  group  of  Mendeleyev’s 
periodic  system,  atomic  number  13,  atomic  weight  26.98;  It  consists  of 
a  single  stable  isotope,  Al^'^ .  As  a  result  of  its  high  chemical  activ¬ 
ity,  aluminum  Is  found  in  the  earth’s  crust  only  in  compounds  with  oth¬ 
er  elements.  Its  content  In  the  earth’s  crust  amounts  to  8.80^  (oy 
weight),  together  with  oxygen  and  silicon,  aluminum  accounts  for  82.58^ 
of  the  mass  of  the  earth's  crust,  occurring  primarily  near  its  surface. 
Aluminum  Is  obtained  by  electrolysis  of  alumina,  Al^O^,  dissolved  In 
molten  cryolite,  Na^AlFg.  The  alu.mina  Is  extracted  from  bauxite,  which 
Is  a  complex  ore  consisting  of  alumlnum-oxlde  hydrates,  which  are  Its 
principal  constituent,  as  well  as  oxides,  hydrated  oxides,  carbonates, 
and  other  compounds  of  silicon,  Iron,  calcium,  magnesium,  and  sodium. 
Aluminum  Is  usually  trlvalent  (Al^"^),  although  under  certain  conditions 

I 

the  aluminum  atom  may  be  converted  to  a  monovalent  Ion  (A1  ),  which 
forms  compounds  of  lower  valence.  There  are  several  artificial  radio¬ 
active  Isotopes  of  Al,  the  majority  of  wnlch  are  short-lived.  The  only 

26 

radioactive  isotope  of  Al  suitable  for  tracer  Investigations  Is  Al 
(T^^2  ~  10^  years).  The  elementary  cell  of  the  aluminum  crystal  lattice 
Is  a  face-centered  cube  (lattice  parameter  -  4.0413A).  The  specific 
gravity  of  solid  aluminum  Is  2,7  (at  20"),  while  that  of  molten  alumi¬ 
num  Is  2.3  (at  800“);  for  hlgh-purlty  aluminum  (99.996^  Al)  is 

660.24",  while  that  for  technical-grade  aluminum  (99.5^  Al)  Is  658“. 

The  boiling  point,  la  2200";  the  latent  heat  of  fusion  of  Al  Is 

976  cal/g.  Its  specific  heat  Is  0.226  in  the  solid  state  (at  100°)  and 
0.308  cal/g«"C  In  the  liquid  state  (700").  The  neutron  cross-section 
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of  aluminum  1b  0. 215  barn. 

The  thermal  conducLlvicy  of  tnis  metal  Is  0.57  cal/cm*Bec»*C  over 
the  temperature  range  0-100“*,  while  Its  electrical  conductivity  1b  67- 
655^  that  of  copper,  depending  on  Its  prlty.  In  air  aluminum  Is  covered! 
with  a  film  of  aluminum  oi'lde,  which  protects  It  against  further  oxida¬ 
tion  and  results  In  a  comparatively  high  corrosion  resistance.  Concen¬ 
trated  nitric  acid  and  organic  acid  have  no  effect  on  aluminum,  but  It 
Is  broken  down  by  caustic  alkalies,  hydrochloric  acid,  and  sulfuric 
acid.  This  metal  readily  undergoes  pressure  working  -  rolling,  extru¬ 
sion,  drawing,  forging,  and  stamping.  It  Is  good  for  gas,  contact,  and 

other  types  of  welding.  Depending  on  Its  purity,  the  ultimate  strength 

2 

of  cast  aluminum  Is  5-9  kg/miri  ,  Its  relative  elongation  Is  45-1210,  and 

2 

its  Lrlnell  hardness  is  13-28  kg/mm  .  Rolled  aluminura  ims  an  ultimate 
strength  of  8-15  kg/bm  ,  a  relatively  elongation  of  5-35^»  and  a  hard- 
ness  of  25-32  kg/mm  (depending  on  the  degree  of  cold-working). 

Its  combination  of  low  specific  gravity,  high  electrical  conduc¬ 
tivity,  and  high  corrosion  resistance  In  many  aggressive  media  makes 
It  possible  to  use  aluminum  In  electronics  (for  the  manufacture  of  ca¬ 
bles,  busbars,  capacitors,  and  rectifiers).  In  chemical  machine  build¬ 
ing  (apparatus  for  the  production  of  nitric  acid,  organic  chemicals, 
etc.).  In  the  foodstuffs  Industry  (for  cans,  pots,  milk  cans,  etc.). 

In  residential  construction,  and  for  protecting  metal  surfaces  subject 
to  destructive  corrosion.  It  Is  utilized  In  nuclear  power  engineering 
for  the  casings  of  reactor  heat-evolving  elements.  There  are  Indica¬ 
tions  that  It  Is  possible  to  use  liquid  aluminum  as  a  heat-transfer 
medium  In  power  reactors.  Aluminum  has  found  especially  wide  technolog¬ 
ical  use  In  the  form  of  alloys  with  other  metals  (see  Aluminum  alloys) 
and  as  a  plating  material.  The  program  adopted  by  the  CPSU  at  Its  22nd 
Congress  provides  for  a  large  increase  in  aluminum  production  and  for 
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use  of  this  metal  In  electrification, 
and  everyday  life. 


machine  building, 


-unstructl on. 


.References .  Belyayev,  A.I.,  Metallurgiya  legkllch  metalloy  [Metal- 
ui-ar  Of  Light  Metals],  4th  Blltlon,  Moscow,  1954,-  Spravochnlk  po 

^ehlnostroltel-ny.  ^terlala™  (Handbook  of  MacMna-Bulloing  Materials 
Vol.  2,  Moscow,  IQRQ 

M.B.  Al'tman 


ALUMINUM-ALLOY  CAST-IRON  —  la  a  heat-  and  corrosion-resistant  cast 
Iron  with  a  high  aluminum  content;  It  Is  used  moreover  In  electrical 
Industry  as  a  nonmagnetic  material  (see  Heat-resistant  cast  Iron.  Cor¬ 
rosion-resistant  cast  iron,  Non-magnetlc  cast  iron).  The  aluminum-al¬ 
loy  cast-iron  is  known  under  the  name  Chugal '  (cast  Iron  +  aluminum) 
and  Pyroferal  (Table  1). 


TABLE  1 

Chemical  Composition  and  Mechanical  Properties  of  the 
Aluminum-Alloy  Cast-Iron 
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1^  Cast  Iron;  2)  percentage  of  the  elements;  3)  mechanical  properties; 
Izg;  5)  not  more  than;  6)  kg/mm2;  7)  Chugal’;  8)  Pyroferal. 

TABLE  2 

Physical  Properties  of  Alum¬ 
inum-Alloy  Cast-Iron 
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imum  heat  resistance  (*C);  6)  Chugal’;  7)  good;  8}  Pyroferal;  9)  only 
by  abrasives. 
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Chugal'  Is  modlflea  by  crlum,  magnesl:'.fn,  and  other  elements  In 
order  to  form  speroldal  gri.  Itt. 

Pyroferal  castings  tend  towards  a  spontaneous  destruction  caused 
probably  by  the  reaction  of  the  graphite  and  the  melted  Al^C^  carbide 
with  hydrogen  and  formation  of  acetylene  In  order  to  prevent 

this  phenomenon,  the  castings  are  submitted  to  a  heat  treatment  and  the 
shelf  time  Is  reduced  to  a  minimum;  the  castings  are  covered  by  oil  and 
kept  on  a  dry  place.  An  addition  of  T1  reduces  the  grain-size  of 

the  pyroferal. 

Chugal’  resists  nitric  acid  and  sea  water.  It  Is  used  as  a  heat 
resistant  material  In  the  manufacture  of  many  parts  working  at  high 
temperatures.  Pyroferal  does  not  react  with  molten  borax  and  various 
salts,  it  resists  carburizing  and  cyeinidlng  agents  during  heat  treat¬ 
ment^  and  It  resists  the  cracking  products  of  hydrocarbons.  Pyroferal 
Is  used  as  a  heat  resistant  material  In  the  scrapers  of  pyrlte  ovens. 

In  carburizing  boxes,  crucibles  for  molten  salts,  etc. 

References :  Emlnger,  Z.  and  Weber,  R. ,  Prolzvodstvo  ctllvok  Iz 
spetsla'jL’nykh  staley  [Manufacture  of  Castings  of  Special  Steels],  trans¬ 
lated  from  Czech,  Moscow,  196O;  Mc'yerovich,  I.B.  ,  Modlf Itslrovanlye 
dlya  poluchei'.lya  chuguna  s  sharovidnym  grafltom  [Modlfylnr  to  Obtain  a 
Cast  Iron  with  Spheroidal  Graphite],  in  the  book:  Spravochnlk  po  chug- 
unnomu  llt'yu  [Handbook  on  Iron  Casting],  Moscow -Leningrad,  1960;  "Al¬ 
uminium,”  1961,  Vol.  37,  No.  1,  pages  29-31- 


A. A.  Glffikln 
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Mar  =  Izg  =  Izglb  =  bending 
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ALUMINUM  ALLOYS  -  alloys  ol‘  low  specific  gravity  baset?  or  a2aminum. 
The  worldwide  production  of  aluralnar.  has  recently  been  rising  raplaly. 
at  a  growth  rate  cons id -i ably  higher  than  that  of  steel,  copper,  lead 
or  zinc  production.  A1  la  displacing  copper,  zinc,  lead  and  tin  In  a 
number  of  technical  fields,  and  even  steel  in  some  branches.  The  seven- 
year  plan  for  the  development  of  the  USSR's  national  economy  provides 
for  an  Increase  in  A1  production  by  i  factor  of  2. 8-3.0.  The  basic  mer¬ 
its  of  alumlnuir.  alloys  are  as  follows:  low  specific  gravity,  high  elec¬ 
trical  and  thennal  conductivity,  good  corrosion  resistance,  the  ability 
to  foim  tough  protective  and  decorative  films,  and  high  reflectivity; 
good  technological  properties,  which  make  it  possible  to  fabricate  com¬ 
plex-shaped,  high-precision  and  verj'  large  workpieces  from  alunlnum  al¬ 
loys;  good  machlnablllty ,  easy  chemical  nilllng  (precision  etching)  and 
polishing,  good  contact  welding  and,  for  a  number  of  aluminum  aJloys, 
good  fusion  welding  as  well. 

High  rigidity  in  structures  made  ‘'rom  aluminum  alloys  Is  of  con¬ 
siderable  value,  and  the  high  unit  strength  of  alumlna;n  alloys  is  an  im¬ 
portant  factor  in  all  fonns  of  transportation.  Presses  designed  in  the 
USSR  with  capacities  up  to  70,000  tons  are  producing  larjr  aluminum-al¬ 
loy  semifinisned  products  that  require  only  a  minimum  of  machining.  Tne 
excellent  foundi^^  properties  of  alvjnlritim  alloys  open  broed  prospects 
for  production  of  complex  castings  with  a  variety  of  properties,  high 
surface  finish  a.nd  precision  dimensions.  Oii  a  worldwide  scale,  alumln 
alloys  are  used  extensively  In  construction  to  fabricate  window  fr^-  , 
doors,  wall  facings,  roofs,  trusses,  and  the  like;  it  is  used  on  rower 
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transinlBslon  lines  for  wires  and  suppoii;s;  In  transportation,  aluminum 
alloys  are  a  basic  structural  material  for  airplanes,  helicopters, 
trolleys,  buses,  automobiles  and  trucks,  railroad  cars,  seagoing  and 
river  vessels,  and  pipelines;  aluminum  alloys  are  used  extensively  in 
fabrication  cf  many  types  of  rockets;  alunilnum  alloys  are  used  in 
hoisting  cranes,  excavating  machinery,  oilfield  derricks,  l.e..  In  all 
cases  where  low  specific  gravity,  high  strength,  good  corrosion  resis¬ 
tance  and  production  adaptability  make  it  possible  to  design  efficient 
and  economical  structures  that  quickly  cover  their  initially  higher 
cost  (as  compared  with  steel  structures).  At  the  same  time,  aluminum 
alloys  are  used  to  fabricate  dishes,  decorative  trim,  "gold"  costume 
Jewelry,  wrappers,  etc.  Alloys  with  small  temperature  coefficients  of 
resistivity  and  linear  expansion  have  also  been  produced  and  are  used 
In  various  Instruments. 

A1  may  contain  as  Impurities  Pe,  SI,  Tl,  Na  and  certain  other 
elements.  The  methods  of  producing  pure  A1  are  constantly  being  Im¬ 
proved,  so  that  It  is  now  possible  to  produce  A1  of  99.999%  purity  on 
a  respectable  scale.  This  superpure  A1  is  distinguished  by  high  corro¬ 
sion  resistance  and  electrical  conductivity,  high  therma]  conductivity 
and  high  reflectivity. 

Aluminum  alloys  are  endowed  with  various  properties  by  adding  Mg, 
Cu,  Zn,  Si,  C,  Mn,  Zr,  Cr,  Ll,  Cd,  and  Ce  to  the  aluminum.  Before  the 
Second  World  War,  the  alloys  most  extensively  used  were  Al-Si  alloys 
(sllumlns)  and  their  more  complex  derivatives,  Al-Mg  alloys  (magnals), 
alloys  of  A1  with  Cu  and  Mg  (duralumin),  alloys  of  A1  with  Mg  and  SI 
and  with  Cu,  e.g. ,  AV  alloy  (avlal),  alloy  AK8  (sometimes  known  as  su- 
perduralumln).  During  and  after  the  war,  the  hlghest-strength  alloys  of 

p 

A1  with  Mg  and  Zn  and  with  Cu  (a^  =  60-70  kg/mm  ),  the  self-hardening 

p 

welding  alloys  of  A1  with  Mg  and  Zn  (c^  =  40-43  kg/mm  ),  which  do  not 
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require  heat-treatment  after  welding;  heat-resistant  alloys  of  A1  with 
Cu  and  Mn,  and  those  with  Cd  and  Li  “  36-40  icg/km'^  at  l80“  after 
1000  hours  of  soaking  at  this  temperature)  were  developed  rapidly;  al¬ 
loys  of  Al  and  Ce  also  came  into  use. 

Fundamentally  new  opportunities  for  strengthening  Al  were  opened 
by  the  powder-metallurgical  method  of  producing  aluminum  alloys.  The 
extremely  thin  oxide  film  that  forms  in  an  atmosphere  with  regulated 
oxygen  content  on  the  particles  of  extremely  fine-dispersed  Al  powder 
imparts  exceedingly  high  hot  strength  (at  500“)  to  the  sintered  Al  af¬ 
ter  briquetting,  sintering  and  subs-  ent  deformation  (see  Sintered 
aluminum  powder  —  SAP).  Togetaer  with  S.iP,  where  the  Al  strengthening 
agent  is  oxygen,  or,  more  precisely,  Al  oxide,  the  powde2>-metallurglcal 
technique  has  made  it  possible  to  create  a  number  of  sintered  aluminum 
alloys  (SAS)  strengthened  by  Si,  Fe  and  N1  in  quantities  that  consider¬ 
ably  exceed  their  maximum  solubility  in  the  solid  state  or  their  con¬ 
centrations  in  the  eutectic.  These  alloys  have  low  a  (l4»10“^)  and  un¬ 
usually  high  corrosion  resistance  in  boiling  water. 

Foam  aluminum  (which  is  lighter  than  water)  is  produced  on  an  in¬ 
dustrial  scale  by  decomposing  T1  or  Zr  hydride  in  fused  Al  and  by  oth¬ 
er  methods. 

Aluminum  alloys  may  be  classified  into  4  basic  groups  on  the  basis 
of  production  methods;  shaping  alloys  for  the  fabrication  of  various 
semifinished  products  (sheets,  plates,  rods,  profiles,  tub_ng,  wire, 
etc.)  by  mechanical  working  (see  Aluminum  alloys,  shaping);  foundry  al¬ 
loys  for  the  production  of  fancy-shaped  castings  (see  Aluminum  alloys, 
foundry);  sintered  aluminum  alloys  for  fabrication  of  semifinished  pro¬ 
ducts  and  workpieces  from  powders  (sintered  aluminum  powder  occupies  an 
Important  position  among  these)  and  foam  aluminum. 

In  shaping  aluminum  alloys,  the  content  of  alloying  elements  may 
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vary  o’^er  a  broad  range,  but,  as  a  rule,  it  does  not  exceed  the  maximum 
solubility  In  Al.  The  foundry  alloys  usually  contain  a  considerable 
quantity  of  the  eutectic,  so  that  they  are  more  heavily  alloyed  and 
have  superior  foundry  properties  (molten-state  flow,  formation  of  dense 
castings  on  crystallization,  etc.).  In  sintered  aluminum  alloys,  the 
content  of  alloying  elements  may  run  as  high  as  20-255^.  Titanium,  zir¬ 
conium  or  other  elements  that  enter  the  aluminum  from  hydrides  used  in 
the  foaming  process  are  present  in  foam  aluminum;  their  contents  vary 
from  1.0  to  lOJ^. 

Depending  on  intended  use  and  the  mechanical,  corrosion,  techno¬ 
logical,  physical  and  other  specifications,  aluminum  alloys  are  classi¬ 
fied  as  alloys  of  high,  medium  and  low  strength;  heat-reslytan;.,  weld¬ 
able  and  forging  alloys;  riveting  and  decorative  alleys  and  alloys  witn 
special  physical  properties.  As  a  rule,  aluminum  alloys  are  prepared 
with  addition  of  a  considerable  amount  of  primary  aluminum,  as  well  as 
high-grade  scrap.  There  are  special  secondary  aluminum  alloys  that  per¬ 
mit  wider  use  of  low-grade  scrap,  with  some  broadening  of  the  Impurity 
spectrum  (see  Aluminum  alloys,  secondary).  Some  aluminum  alloys  (the 
lowest  grades)  are  used  In  ferrous  metallurgy  to  deoxidize  steel.  At¬ 
tempts  to  use  aluminum  alloys  In  coal  mines  as  supporting  columns  did 
not  yield  satisfactory  results,  since  sparking  occurs  when  these  col¬ 
umns  are  struck  against  steel,  and  this  is  dangerous  in  the  mine  atmo¬ 
sphere,  which  contains  detonating  gas.  The  chemical  compositions  of 
aluminum  alloys  are  given  in  the  table  below. 

References :  Bochvar,  A. A.,  Metallovedenlye  [Pnyslcal  Metallurgy], 
5)th  edition,  Moscow,  195^;  Voronov,  S.M. ,  Deformlruyemy>e  alyumlnlyevy- 
ye  splavy  [Aluminum  Shaping  Alloys],  Moscow,  1951;  Petrov,  D.A.  Voprosy 
teoril  splavov  alyiuniniya  [Problems  of  Aluminum  Alloy  Theory],  Moscov;, 
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Chemical  Compositions  of  Aluminum  Alloys  (^) 
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1951*  Al'tman,  M.B.  [et  alj,  Plavka  1  llt’ye  legklJch  splavov  [Smelting 
and  Casting  Light  Alloys],  Moscow,  1956;  Legklye  splavy.  Metallovedenl- 
ye,  termlcheskaya  ohrabotka,  lit ’ye  1  obrabotka  davleniyem  [Light  Al¬ 
loys:  Physical  Metallurgy,  Heat  Treatment,  Casting  and  Mechanical  Work¬ 
ing],  [collection  of  articles],  Moscow,  1958;  Pridlyander,  I.N. ,  Vysok- 
oprochnyye  deformlruyemyye  alyumlnlyevyye  splavy  [High-Strength  Alumi¬ 
num  Shaping  Alloys],  Moscow,  I960;  Kolobnev,  I.P. ,  Termlcheskaya  obra¬ 
botka  alyumlniyevykh  splavov  [Heat  Treatment  of  Aluminum  Alloys],  Mos¬ 
cow,  196I;  Baykov,  D. I. ,  [et  al.],  Svarlvayushchlyesya  alyumlnlyevyye 
splavy  [Aluminum  Welding  Alloys],  Leningrad,  1959;  Teploprochnyy  mater¬ 
ial  Iz  spechennoy  alyumlnlyevoy  pudry  (SAP)  [Heat-Resistant  Material 
from  Sintered  Aluminum  Powder  (SAP)],  collection  of  articles  edited  by 
I.N.  Pridlyander  and  B. I.  Matveyev,  Moscow,  196I;  Deformiruyemyye  alyu¬ 
mlnlyevyye  splavy  (Aluminum  Shaping  Alloys],  collection  of  articles 
edited  by  I.N.  Pridlyander  [et  al.],  Moscow,  I96I;  Llteynyye  alyumlnly¬ 
evyye  splavy  [Aluminum  Foundry  Alloys].  Collection  of  articles  edited 
by  I.N.  Pridlyander,  and  M.B.  Al’tman,  Moscow,  I96I;  Dobatkln,  V.I. , 
Slitkl  alyumlniyevykh  splavov  [Aluminum  Anoy  Ingots],  Sverdlovsk,  I960; 
Stroltel 'nyye  konstruktsll  Iz  alyumlniyevykh  splavov  [Aluminum  Alloy 
Structural  Materials],  collection  of  articles  edited  by  S.V.  Taranov- 
skly,  Moscow,  1962;  Livanov,  V. A.  [et  al.],  Otzhlg  llstovogo  al'kleda 
[Annealing  Sheet  Alclad],  Moscow,  1940. 


I.N.  Pridlyander 
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CAII  =  SAP  ■  spechennaya  alyumlnlyevaya  pudra 
Inum  powder 

>  sintered  alian- 
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CAC  =  SAS  =  spechennyy  alyumlnlyevyy  splav  ■ 
num  alloy 

slntered  aluml- 
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ALUMINUM  ALLOYS,  SECONDARY  -  alumlnitfii-based  alloys  obtained  by  re¬ 
covery  of  breakage  and  scrap  formed  In  the  production  and  use  of  semi¬ 
finished  products  and  workpieces  of  primary  aluminum  alloys.  Secondary 
aluminum  alloys  may  be  cast  in  pigs  (OOST  1583-53)  or  for  shaping 
QOST  1131-41).  Foundry- type  secondary  alamlnum  alloys  are  delivered  in 
the  form  of  pigs  weighing  from  3  to  19*5  kg.  They  are  used  for  the  pro¬ 
duction  of  fancy  castings  and  for  addition  to  the  charge  In  the  manu¬ 
facture  of  primary  aluminum  alloys  (Dl,  AK6,  AK8,  etc. )  and  the  fabri¬ 
cation  of  components  for  general  machine  building. 

As  compared  with  the  corresponding  primary  aluminum  alloys,  the 
secondary  alloys  contain  larger  quantities  of  foreign  metallic  impuri¬ 
ties,  as  well  as  gaseous  and  solid  nonmetalllc  inclusions,  to  the  de¬ 
triment  of  their  foundry,  mechanical  and  corrosion  properties.  Second¬ 
ary  aluminum  alloys  can  be  obtained  in  the  same  high  quality  as  the 
primary  ones  if  production  Is  appropriately  organized;  we  refer  here  to 
collection  and  grading  of  the  scrap  not  only  by  alloy,  but  also  by  form; 
storage  of  scrap  and  breakage  'n  specially  equipped  premises;  use  of 
active  methods  to  purify  the  scrap  and  liquid  metal  of  detrimental  me¬ 
tallic  and  nonmetalllc  Impurities. 

References :  Istrln,  M.A.  [et  al.J,  Vtorichnyye  tsvetnyye  mctdlly 
[Secondary  Nonferrous  Metals],  Part  2,  Moscow,  1951;  Al'tman,  M.B. , 

[et  al.],  Plavka  1  lit ’ye  legklkh  splavov  [Smelting  and  Casting  Light 
Alloys],  Moscow,  1956. 

M.B.  Al'tman 
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rOCT  =  QOST  =  Qosudarstvennyy  obshchesoyuznyy  standart 
State  All-Union  Standard 
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ALUMINUM  ALLOYS,  SHAPING  —  alloys  for  the  fabrication  of  semifin¬ 
ished  products  by  mechanical  working.  A  special  class  of  the  shaping 
aluminum  alloys  Is  formed  by  the  SAS'a  —  the  sintered  aluminum  alloys, 
which  Include  SAP  (sintered  aluminum  powder).  Aluminum  shaping  alloys 
occupy  a  dominant  position  among  the  aluminum  alloys  as  regards  produc¬ 
tion  volume.  In  various  countries,  as  much  as  60-70^  of  all  aluminum  is 
used  for  production  of  aluminum  shaping  alloys.  Together  with  an  expan¬ 
sion  of  nomenclature,  the  dimensions  of  the  semifinished  products  are 
Increasing,  with  the  closest  possible  approximation  of  their  configura¬ 
tion  to  the  finished  product  with  the  object  of  reducing  the  machining 
time  and  saving  metal,  which  makes  production  considerably  cheaper. 

Many  aluminum  shaping  alloys  possess  high  hot  plasticity  and  not  parti¬ 
cularly  high  resistance  to  deformation,  which  makes  it  possible  to  ob¬ 
tain  semifinished  products  with  very  complex  shapes.  In  a  number  of 
countries,  heavy  equipment  has  been  built  for  mechanical  working  of 
aluminum  shaping  alloys.  ’'>^5  most  powerful  horizontal  and  vertical  (up 
to  70,000  tons)  presses  nave  been  put  in  operation  in  the  USSR. 

Aluminum  shaping  alloys  are  used  to  produce  extruded  shapes  and 
tubes  up  to  15-30  m  In  length,  sheets  and  plate  up  to  3  wide  and  up 
to  6-12  m  long,  forgings  and  stampings  weighing  up  to  5-6  tons,  rods, 
wire  and  foil.  Alumlnun.  shaping-alloy  structures  can  be  built  up  from 
laange  subunits  with  a  small  number  of  Joints.  Aluminum  shaping  alloys 
are  classified  as  follows  on  the  h-sls  cf  technological  characteristics, 
uses,  and  physical  and  corrosl.  .ertles:  decorative,  corrosion  re¬ 

sistant,  riveting,  forging,  heat-resistant,  alloys  with  special  proper- 
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ties  and  self-hardening  alloys.  There  are  low-strength  (below  30  kg/ 

}  /rm^)f  medium-strength  (30-45  kg/inm^)  and  high-strength  (above  45  kg/ 

O 

/tm  )  aluminum  shaping  alloys. 

Most  low-strength  aluminum  shaping  alloys  are  not  strengthened  by 
heat  treatment  and  are  used,  as  a  rule,  in  the  annealed  state.  These 
alloys  include  technical  aluminum,  AMts  alloy,  most  alloys  of  the  mag- 
na?,  type  -  AMgl,  AMg2,  AMg3,  AMg4,  and  AMg5V;  al^omlnam  alloys  of  the 
Al-Mg-Sl  system  -  AD31,  AD33  (which  are  strengthened  by  heat  treatment); 
SAP-1  and  SAS-1.  Medium-strength  alloys  are  strengthened  by  heat  treat¬ 
ment  and  are  used  after  tempering  and  natural  or  artificial  aging  (see 
Aging  of  Aluminum  Alloys).  These  Include  the  forging  alloys  AK2,  AK4, 
A_K4-1,  AK6  and  AKS;  duralumins  Dl,  Dl6,  VD17,  019,  VADl  and  M40;  AMg6 
magnal,  the  alloys  AV  and  AD35  of  the  Al-Mg-Sl  system;  the  self-harden¬ 
ing  alloys  V92,  ATsM,  etc. ,  and  alley  020,  All  hlgh-Bti*ength  alloys  aire 
strengthened  very  effectively  by  heat  treatment  and  are  used  after  tem¬ 
pering  and,  as  a  rule,  artificial  aging.  These  alloys  Include  those  of 
the  Al-Zn-Mg-Cu  system;  V93,  V95  and  V96;  alloy  VAD23  and,  to  some  ex¬ 
tern,,  alloys  0l6,  AK8,  and  othew.  Sheets  and  plates  of  low-,  roedlum- 
and  high-strength  aluminum  shaping  alloys  may  be  further  strengthened 
by  rolling. 

Aluminum  shaping  alloys  in  the  annealed  state  are  chiracterlzed  by 
ein  extrwnely  large  excess  of  ultimate  strength  over  yield  point  (by  a 
factor  of  two  or  more).  All  alloys  of  the  Al-Mg  systen,  up  to  and  in¬ 
cluding  ANg6,  have  relatively  low  yield  points  and  are  distinguished  by 
high  elongation.  Naturally  aged  alloys  retain  the  high  elongation  val¬ 
ues:  the  ultimate  strength  and  yield  point  ar«  considerably  higher  than 
in  the  annealed  alloys.  Artificial  aging  does  not  Influence  the  ulti¬ 
mate  strengths  of  alloys  In  the  various  systems  In  the  same  my  as  na¬ 
tural  aging:  It  Increases  It  very  sharply  In  alloys  of  the  Al-Ng-Sl  aya- 
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tan  (AD31»  AD33>  AD35  and  AV)  and  particularly  In  alloys  of  the  Al-Cu- 
Mn  and  Al-Cu-Mn-Ll-Cd  systems  (D20  and  VAD23);  It  raises  it,  but  not 
by  very  much,  in  alloys  of  the  Al-Zn-Mg-Cu  system  (V93,  V94,  V95»  V96); 
the  ultimate  strength  is  virtually  unchanged  in  alloys  of  the  Al-Cu-Mg 
ayetem  (Dl,  DI6,  VDI7,  D19).  In  alloys  of  most  systems,  however,  arti¬ 
ficial  aging  causes  a  sharp  Increase  in  yield  point,  bringing  it  close 
to  the  ultimate  strength  (the  difference  between  them  may  amount  to 
1-5  kgy^  );  the  elongation  is  reduced  by  a  factor  of  2-3,  although 
transverse  necking  remains  quite  high. 

In  artificially  aged  high-strength  alloys,  the  elongation  may  de¬ 
crease  to  2.5-4^  Ifi  the  transverse  direction. Experience  has  shown  that 
with  such  elongation  values,  the  structures  perform  successfully  If 
shaz*p  stress  concentrators  are  elLmiPiated  and  the  process  in  which  the 
semifinished  products  and  atmictural  elements  are  manufactured  is 
strictly  controlled.  The  elongation  may  be  Increased  by  using  better- 
quality  Ingots  (cast  with  water  cooling  rather  than  air  cooling,  as  Is 
sometimes  the  practice),  and  by  selecting  appropriate  forging,  stamping, 
rolling  and  extrusion  conditions.  In  the  artificially  aged  state,  alum¬ 
inum  shaping  alloys  exhibit  high  strength  and,  as  a  rule,  low  techno¬ 
logical  plasticity,  so  that  It  Is  desirable  to  minimize  operations  In¬ 
volving  defomatlon  for  semifinished  products  In  this  state  (V95,  V9S 
and  other  alloys);  for  alloy  DI6,  It  is  advisable  to  perform  all  sut h 
operations  before  artificial  aging,  and  for  alloy  VAD23,  to  conduct  ar¬ 
tificial  aging  on  completely  finished  riveted  units. 

The  higher  the  strength  of  aluminum  shaping  alloys,  the  greater  Is 
their  sensitivity  to  stress  concentrators  (oriented  perpendicular  to 
the  direction  of  force  action),  particularly  In  work  under  alternating- 
load  conditions.  Hence  ell  structural  components  made  from  hlgh- 
atrength  aluminum  shaping  alloys  must  have  smooth  contours;  production 
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notches  (transverse  to  force  action)  are  not  allowable.  Impact- 

2 

strength  values  of  the  order  of  1-5  kg-m/cm  in  the  longitudinal  dl- 
rectlon  and  0. 3-1*0  kg-m/cm  transverse  are  characteristic  for  aluminum 
shaping  alloys  of  medium  and  high  strength.  However,  brittle  failure  Is 
not  observed  In  aluminum  shaping  alloys,  and  they  have  no  tendency  to 
cold-shortness.  If  the  structures  are  subjected  directly  (without  shock 
absorption)  to  impact  loads,  a  preliminary  (experimental)  check  must  be 
made  to  determine  the  possibility  of  using  them  under  the  given  condi¬ 
tions. 

Medium-  and  high-strength  aluminum  shaping  alloys  may  be  Inclined 
to  corrode  under  stress.  For  standard  aluminum  shaping  alloys,  this 
tendency  Is  dependably  eliminated  by  the  use  of  a  suitable  production 
process  In  fabricating  the  semifinished  products,  by  specification  of 
and  adherence  to  the  necessary  heat-treatment  conditions,  and  by  means 
of  protective  coatings.  Certain  groups  of  aluminum  shaping  alloys  ex¬ 
hibit  very  high  corrosion  resistance;  these  Include  the  decorative  al¬ 
loys,  which  are  distinguished  by  excellent  extei*nal  appearance  and  can 
be  polished  and  colox^anodlzed  (see  Anodizing  of  aluminum  alloys,  Ena¬ 
mel  anodizing  of  aluminum  alloys).  As  a  rule,  alloys  with  high  corro¬ 
sion  resistance  have  low  strength,  so  that  it  is  important  to  obtain  a 
fine-grained  structure  In  order  to  Impart  good  external  appearance  to 
the  workpieces.  The  surface  may  become  rough  If  a  coarse  grain  la 
formed,  and  particularly  In  cases  of  a  coarse  crystalline  cxnist.  In 
aluminum  shaping  alloys  of  medium  and  high  stz^ngth,  the  appearance  of 
a  coarse  grain  and  the  coarse  crystalline  crust  results  in  a  decrease 
In  strength  and  a  danger  of  cracking  during  hardening.  The  coarse  grain 
and  coarse  crystalline  crust  are  eliminated  by  adjusting  the  chemical 
composition  and  the  production  condltlcns  under  which  the  semifinished 
products  ax*e  fabricated  and  heat  treated. 
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In  certain  aluminum  shaping  alloys,  coarse  segregations  of  inter- 
metallic  phases  appear  in  the  structure  —  these  are  the  so-called  In- 
termetallldes,  which  spoil  the  external  appearance  of  the  products, 
lower  their  corrosion  resistance  and  Increase  their  sensitivity  to  al¬ 
ternating  loads.  Intermetallides  are  eliminated  by  regulating  the  chem 
leal  composition  of  the  alloys  and  the  conditions  under  which  the  in¬ 
gots  are  cast. 

Aluminum  rivet  alloys  are  used  in  making  rivets.  These  alloys  pos¬ 
sess  high  shear  resistance  and  good  plasticity,  which  ensures  that  the 
rivets  can  be  given  heads  of  i-egular  shape  without  cracking.  Some  ri¬ 
veting  alloys  can  be  peeiied  only  in  the  freshly  tempered  state,  during 
a  limited  period  of  time  after  tempering;  alloys  that  can  be  headed  in 
the  aged  state,  with  no  restrictions  on  riveting  time  (alloys  Dl8,  V65, 
V94)  are  more  convenient  for  mass  production. 

Forging  aluniinum  alloys  can  be  cast  continuously  in  any  necessary 
diameter  and  exhibit  high  plasticity  in  the  hot  state.  Forging  aluminum 
alloys  of  medium  and  high  strength  must  have  the  proper  levels  of 
strength,  plasticity  and  corrosion  resistance.  Critical  stress-bearing 
forged  components  are  usually  studied  very  thoroughly  when  placed  in 
production,  in  various  dlrectlcns  and  in  various  zones.  The  necessary 
level  of  properties  is  attained  by  the  use  of  high-quality  ingots  and 
the  proper  production  forging  process  (for  example,  by  swaging  and 
drawing  of  the  blank).  In  forgings  and  stampings,  and  particularly  for 
massive  and  complex-shaped  types  (as  Is  the  case  with  rolled  and  extru¬ 
ded  semifinished  products),  cracking  and  peeling  may  occur.  It  Is  man¬ 
datory  that  these  products  be  given  a  UZ  [ultrasonic]  inspection,  to¬ 
gether  with  an  eddy-current  test  on  the  surface  layers 

Heat-resistant  aluminum  shaping  alloys  are,  as  a  rule,  used  in  the 
artificially  aged  state.  Since  these  alloys  heat  up  during  use  -  espe- 
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dally  over  long  periods,  actually  undergoing  artificial  aging  In  the 
process,  it  is  advisable  to  stabilize  them  before  they  are  installed  In 
the  structure. 

The  aluminum  shaping  alloys  with  special  properties  Include;  SAS-1, 
which  has  a  low  coefficient  of  linear  expansion,  and  AMts-l,  which  ex¬ 
hibits  a  low  temperature  coefficient  of  resistivity. 

The  self -hardening  aluminum  shaping  alloys  are  distinguished  by  a 
special  property  that  Is  Important  for  welding  alloys  -  slow  decay  of 
the  supersaturated  solid  solution  and  the  ability  to  temper  on  cooling 
In  air,  which  results  In  tempering  of  the  welding  zone  during  welding 
and  subsequent  hardening  of  this  zone  as  a  result  of  aging.  These  alum¬ 
inum  shaping  alloys  include  V92,  ATsM  and  others. 

References ;  Voronov,  S.M. ,  Deformlruyemyye  alyumlnlyevyye  splavy 
[Aluminum  Shaping  Alloys],  Moscow,  1951;  Legklye  splavy,  Metalloveden- 
iye,  termlcheskaya  obrabotka,  lit 'ye  1  obrabotka  davlenlyem  [Light  Al¬ 
loys,  Physical  Metallurgy,  Heat  Treatment,  Casting  and  Mechanical  Work¬ 
ing],  [Collection  of  articles],  Moscow,  1958;  Prldlyander,  I.N.  Vysoko- 
prochnyye  deformlruyemyye  alyumlnlyevyye  splavy  [High-strength  Aluminum 
Shaping  Alloys],  Moscow,  1960j  Baykov,  D.I.  [et  al.],  Svarlvayushchlyes- 
ya  alyumlnlyevyye  splavy  [Aluminum  Welding  Alloys],  Leningrad,  1959; 
Dobatkin,  V. I,,  Slltkl  alyumlniyevykh  splavov  [Aluminum  Alloy  Ingots], 
Sverdlovsk,  I960;  Deformlruyemyye  alyumlnlyevyye  splavy  [Aluminum  Shap¬ 
ing  Alloys],  collection  of  articles  edited  by  I.N.  Prldlyander  [et  al.], 
Moscow,  1961;  Teploprochnyy  material  ;iz  spechennoy  alyumlnlyevoy  pud- 
ry  (sap)  [Hot-Strong  Material  Prepared  from  Sintered  Aluminum  Powder 
(SAP)],  collection  of  articles  edited  by  I.N.  Prldlyander  and  B. I.  Mat¬ 
veyev,  Moscow,  196I;  Stroltel 'ryye  konstruktsll  Iz  alyumlniyevykh  spla- 
vov  [Aluminum  Alloy  Structures],  [collection  of  articles],  edited  by 
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3,7.  TaranovBkiy,  Moscow,  1962;  Pavlov,  S.Ye,  Korroziya  duralyumlna 
porroalon  of  Duralumin],  Moscow,  1949;  Petrov,  D.A. ,  Voprosy  teorll 
splavov  alyumlnlya  [Problems  In  the  Theory  of  Aluminum  Alloys],  Moscow, 
1951>  Voronov,  S.M. ,  Izbrannyye  trudy  po  legklm  splavam  [Selected  Works 
on  Light  Alloys],  Moscow,  1957;  Mikheyeva,  V. I.,  Khlmicheskaya  prlroda 
vysokoprochnykh  splavov  alyumlnlya  s  magnlyem  1  tsinkom  [The  Chemical 
Nature  of  High-Strength  Alloys  of  Aluminum  with  Magnesium  and  Zirconium] 
Moscow-Lenlngrad,  1947;  Romanova,  O.A.,  Novyy  zharoprochnyy  deformlru- 
yemyy  alyumlnlyevyy  splav  D20  [The  New  D20  Hot-Strong  Aluminum  Shaping 
Alloy],  Moscow,  1958;  Archakova,  Z.N.,  Romanova,  O.A.,  Fridlyander,  I. 

N. ,  Issledovanlye  splavov  slstemy  Al-Cu-Ll-Cd-Mn,  pri  komnatnoy  1  povy- 
shennykh  temperaturakh  [Investigation  of  Alloys  of  the  Al-Cu-Ll-Cd-Mn 
System  at  Elevated  Temperatures],  ”IAN  SSSR.  OTN.  Metal lurgiya  1  topll- 
vo,"  Bulletin  of  the  USSR  Academy  of  Sciences,  Technical  Sciences  Sec¬ 
tion,  Metallurgy  and  Fuel],  i960.  No.  4;  1962,  No.  4;  Livanov,  V.A.  [et 
al.],  Otzhlg  dlatovogo  ai'kleda  [Annealing  Sheet  Alclad],  Moscow,  1940; 
Shilova,  Ye. I.,  Alyumlnlyevyy  splav  V65  dlya  zaklepok  [V65  Aluminum  Ri¬ 
vet  Alloy],  Moscow,  1958. 


I.N.  Fridlyander 
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ALUMINUM  BARS  -  round  and  shaped  (square^  hexagonal^  etc. )  semi¬ 
finished  products  of  aluminum  and  aluminum  alloys.  Bars  of  aluminum  and 
Its  alloys  are  generally  manufactured  hy  pressing,  although  rolling  is 
sometimes  employed.  Pressed  bars  are  produced  in  diameters  of  from  5  to 
300  mm  or  more  and  are  supplied  in  the  hot-pressed,  annealed,  and 
quenched  states.  Only  bars  with  diameters  of  less  than  50  mm  are  sup¬ 
plied  In  the  quenched  state.  Round  bars  with  diameters  of  up  to  50  mm 
can  be  standardized  by  drawing.  Shaped  bars  are  standardized  at  In¬ 
scribed-circle  diameters  of  up  to  4o  mm.  Standardized  bars  are  produced 
to  the  3rdji  4th  and  precision  classes,  while  other  bars  are  pro¬ 
duced  to  the  7th,  8th  and  9^  classes  (GOST  4783-55).  This  procedure 
reduces  the  extent  of  the  large-crystalline  rim,  but  causes  deterior¬ 
ation  of  surface  quality.  Bars  with  diameters  of  up  to  120-150  mm  can 
be  manufactured  by  this  method.  Larger-diameter  bars  are  produced  only 
by  direct  pressing.  The  conformity  of  the  characteristics  of  such  bars 
to  technical  specifications  Is  always  at  the  discharge  end.  Macrostruc- 
ture  and  fracture  are  checked  at  the  draw  end.  Nonuniformity  of  char¬ 
acteristics  must  be  eliminated  when  components  are  to  be  manxifactured 
from  pressed  bars  by  stamping  or  forging. 

The  most  uniform  characteristics  are  obtained  when  bars  are  pro¬ 
duced  by  rolling.  Considering  the  difficulty  of  rolling  cast  ingots  of 
certain  alloys,  pressed  or  forged  blanks  are  often  employed,  although 
this  reduces  the  efficiency  of  the  rolling  process.  Bars  up  to  18O  mm 
In  alameter  are  manufactured  by  rolling. 

References ;  Zholobov,  V.V.  and  Zverev,  G. I. ,  Pressovaniye  metal- 
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lov  [Pressing  of  Metals),  Mosccw,  1959. 

Bel.  Matveyev 
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ALUMINUM  BRASS  -  a  brass  in  which  the  main  alloying  element  is 
aluminum.  Brasses  containing  from  0.4  to  3*3^  A1  are  used  in  industry. 
Aluminum  displaces  the  boundaries  of  the  a  and  -phases  on  the  Cu-Zn 
diagram  toward  the  copper  side:  of  A1  is  e4ui valent  to  Zn  (see 

Brass).  Aluminum  Increases  the  strength,  heat  resistance  and  corrosion 
resistance  of  brass  under  atmospheric  conditions  and  in  sea  water.  The 
increase  In  corrosion  resistance  Is  accounted  for  by  the  formation  of 
an  oxide  zone.  The  chemical  composition  of  aluminum  brasses  is  given  in 
Table  1. 
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Chemical  Composition 
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1)  Alloy;  2)  COST,  TU;  3)  content  of  elements  (Jl) ; 
4)  other  elements;  5)  J^ot  above;  6)  total  Imourl- 
tles;  7)  LA  85-0.5;  8)  PMTU  1507-46;  9)  remainder; 
10)  LA  77-2;  11)  QOST  1019-47;  12)  LAZh  60-1-1;  13) 
same;  l4)  LAN  59-3-2. 


Aluminum  brasses  have  good  mechanical  working  properties.  They  are 
shaped  into  rods  (LAZh60-l-l,  LAN59-3-2),  tubing  (LA77-2)  and  wire 
(LA85-O.5).  The  basic  properties  of  aluminum  brasses  ax^  listed  in  Ta¬ 
bles  2  and  3* 

Uniform  braid  and  insignia  are  made  from  LA65-0. 5  brass;  IA77-2 
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TABLE  2 

Mechanical  Propertlea 
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Physical  and  Technological  Properties 
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•sec**C);  4)  P  (ohms •mm Vm);  5)  melt¬ 
ing  point  (^C);  6)  hot  working  tempera¬ 
ture  (“C);  7)  annealing  temperature 
(*C);  8)  LA  85-0.5;  9)  LA  77-2;  lO) 

LAZh  60-1-1;  ll)  LAN  59-3-2. 


and  LAN59-3-2  arc  used  to  fabricate  condenser  tubes,  pipes,  gears, 
bushings,  etc. ;  components  made  from  LAZh60— 1-1  are  used  In  the  avia¬ 
tion  Industry  and  other  Industrial  branches. 

References :  Qagen-Tom,  V.  0.  ,  Qrashchenko,  B.  P.  ,  and  Ivanov-Skobll- 
kov,  N.N. ,  Mckhanichesklye  1  tekhnologlchesklye  svoystva  alyumlnlyevykh 
latuney  (Mechanical  and  Technological  Properties  of  Aluminum  Brasses], 
"Tr.  Vacs,  alyvimlnlyevo-magnlyevogo  In-ta,"  (Transactions  of  the  All- 
Union  Institute  for  Aluminum  and  Magnesium],  1939»  (No.]  19»  pages  132- 
49;  Smlryagln,  A.  P. ,  Promyshlennyye  tsvetnyye  metally  1  splavy  (Indua- 
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trial  Nonfsrrous  Metals  and  Alloys],  2va  edition,  Moscow,  1936*  pages 
110-20;  Spravochnlk  po  mashlnostroltel'nym  materlalam  [Handbook  on 
Mechanical  Engineering  Materials],  Vol.  2,  Moscow,  1939*  pages  173-’84. 

A.V.  Bobylev 
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[Transliterated  Symbols] 

FOOT  s  GOST  ■  Ctosudarstveniiyy  obshchesoyuznyy  standart  ■ 
State  All-union  Standard 

Ty  =  TU  =  tekhnlchesklye  uslovlya  »  technical  specifications 

IWry  =  TsMTU  =  technlchesklye  uslovlya  tsvetnoy  metallurgll  ■ 
nonferrous  metallurgy  technical  specifications 
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ALUMINUM  BRONZE  -  a  bronze  In  which  the  main  alloying  element  Is 
aluminum.  Alloys  containing  from  4  to  lljt  A1  are  of  industrial  impor¬ 
tance  (see  Table  1). 

The  maximum  solubility  of  aluminum  in  solid  cop¬ 
per  is  9* 4^*  Aluminum  bronzes  are  distinguished  by 
high  plasticity  and  are  easily  worked;  they  have  no 
tendency  to  liquation  and  flow  readily,  but  show  high 

Fig.  1,  Nech-  volumetric  shrinkage.  Alloys  containing  more  than 
anical  Proper¬ 
ties  of  alian-  9*4$t  A1  have  a  two-phased  structure.  Bronzes  with  a 
inum  bronze  as 

a  function  of  high  aluminum  content  arc  distinguished  by  high 
aluminum  con¬ 
tent.  a)  o_4._,  strength  and  hardness  coupled  with  low  elongation 

a 

b)  !)•  Small  quantities  of  iron,  manganese  or 

^  KP^  kg^m^‘  nickel  introduced  into  aluminum  bronze  further  In- 

®pta*  crease  its  strength,  inhibit  recrystalllzatlon  and 

refine  the  grain.  The  presence  of  iron,  which  delays 


d)  0 


%}  »>)  % 
(by  weight; 
HB,  kg/mm*^; 


pts* 


the  decay  process  or  the  B-solid  solution,  eliminates  the  phenoraenon  of 
” spontaneous  annealing,”  which  renders  the  alloy  increasingly  brittle. 
Aluminum  bronzes  containing  more  than  lOj^  A1  -  particularly  in  the  piM»- 
sence  of  nickel  —  are  capable  of  dispersion  hardening.  Manganese  im¬ 
proves  the  technological  properties  and  corrosion  stability  of  aluminum 
bronze.  Sb,  As,  Bi,  S  and  P  Irapurltles  arc  detrimental,  since  they  low¬ 
er  the  mechanical  properties  of  aluminum  bronzes  sharply  and  render 
mechanical  working  difficult;  zinc  Is  permissible  up  to  1.5%- 

The  corrosion  resistance  of  aluminum  bronze  is  superior  to  that  of 
tin  and  tin-zinc  bronzes.  The  single-phased  biH)n2e8  (solid  solutions) 
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Chemical  Piropertlee  of  Aluminum  BiX)nze  and  Semifinished  Forms  (after  Q06T  493—5^) 
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I-33a2 
TABLE  2 

Physicomechanlcal  Properties  of  Aluminum  Bronze 


•re  more  stable,  particularly  in  solutions  of  sulfates,  caustic  alka¬ 
lies  and  tax*trate.  Only  stainless  steels  can  be  compared  to  the  alumlnua- 
iron-nickel  bz*onzes  as  regards  corrosion  resistance  In  the  atmosphere, 
in  sea  water  and  organic  acids.  In  the  presence  of  aluminum,  the  elec- 


Plg.  2.  Variation  of 
mechanical  properties 
of  BrAZhNlO-A-Jl  bronze 
at  high  temperatures 
Aj  6,  i  ft,  0.  ,  kg/mm2; 
B)  temperatura,  C. 


Fig.  3.  Influence  of 
annealing  on  the  mech¬ 
anical  properties  of 
bronze  BrAZhNlO-^t-4. 
A)  Ov,  kg/mm^;  B)  an¬ 
nealing  temperature, 
”C. 


trical  and  thermal  conductivities  of  copper  are  reduced,  but  heat  re¬ 
sistance  rises  due  to  the  f:jxT-atlon  of  a  thin  film  of  alurlnam  oxide 
on  the  surface;  the  latter  protects  It  from  further  oxidation.  The  phy- 
sicoaechanical  properties  of  the  basic  types  of  alumlnur  bronze  are 
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listed  in  Table  2.  The  strength  of  aluminum  bronzes  Is  consldextibly  « 

^  higher  than  those  of  the  tin  bronzes,  and  at  the  same  time  they  exhibit 
high  plasticity,  good  hot-working  properties  and,  with  A1  contents  be¬ 
low  7-85^,  good  cold-working  properties  as  well.  The  various  semifin¬ 
ished  forms  are  shipped  In  the  work-hardened  or  annealed  state  in  the 
foiTO  of  tubing,  rods,  strips  and  ribbon.  Aluminum-bronze  parts  can  be 
fabricated  by  the  most  economical  methods  -  stamping,  etc.  The  high 
foundry  properties  of  all  aluminum  bronzes  make  It  possible  to  obtain 
castings  of  any  desired  size.  Aluminum  bronzes  with  Iron  and  nickel  are 
distinguished  by  particularly  high  mechanical  properties,  corrosion  re¬ 
sistance  and  heat  resistance  (Figs.  2-3);  for  example,  at  500®,  bronze 
BrA2hN10-4-4  has  approximately  the  same  mechanical  properties  (o^  »  30 
kg/mm  ,  6  =  lOJ^,  80  HB)  as  the  tin  bronzes  at  normal  temperature.  After 
heat  treatment  -  quenching  from  980®  In  water  and  subsequent  dispersion 
hardening  for  2  hours  at  400®  -  the  hardness  and  strength  of  Che  alloy 
Increase;  after  tempering,  the  hardness  of  BrAZhNlO-4-4  rises  from  170- 
200  to  400  kg/mm  .  The  specific  gravity  of  aluminum  bronze  ranges  from 
7.4  to  7-9;  the  coefficient  of  linear  expansion  (a)  at  20®  Is  iS^lO”^- 
IS-IO"^  1/®C.  Due  to  the  high  mechanical  properties  and  corrosion  re¬ 
sistance,  as  well  as  their  excellent  machlnablllty,  aluminum  bronzes 
are  used  for  the  fabrication  of  a  wide  variety  of  components  In  chemi¬ 
cal  engineering,  aeronautical  engineering  and  genejcal  mechanical  en¬ 
gineering. 

References :  Bochvar,  A. A. ,  Metallovedenlye  (Physical  Metallurgy], 
5th  edition,  Moscow,  1956;  Snlryagln,  A. P.  Promyshlennyye  tsvetnyye 
raetally  1  splavy  (Industrial  Nonferrous  Metals  eind  Alloys],  2nd  edition, 
Moscow,  1956. 

O.Ye.  Kestner 
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ALUMINUM  CASTING  ALLOYS  -  alloys  Intended  for  casting  of  shaped 
components.  These  ligatures  can  be  divided  Into  five  groups,  in  accord¬ 
ance  with  their  chemical  composition  and  principal  alloying  element: 
l)  aluminum-silicon  (AL2,  AL4,  AL9,  AL4V  and  AL9V);  2)  aluminum-magne¬ 
sium  (AL8,  ALI3,  AL22);  3)  aluminum-copper  (AL7,  AL7V,  AL12,  and  ALI9); 
4)  aliunlnum-s 11 icon-copper  (AL3,  AL3V,  AL5,  AL6,  ALIOV,  ALl4V,  and 
AL15V)j  5)  other  alloys  (ALl,  ALII,  ALI6V,  AL17V,  ALI8V,  AL20,  and 
AL21).  For  the  chemical  compositions  of  these  alloys  see  Aluminum  al- 
loys.  Alloys  bearing  the  suffix  "V"  (AL3V,  AL7V,  etc. )  are  secondary; 
see  Secondary  aluminum  alloys. 

Aluminum  casting  alloys  can  be  arbitrarily  divided  into  three  ba¬ 
sic  groups:  1)  high-  and  medium-strength;  2)  hlgh-hot-strength  (func¬ 
tioning  at  temperatures  of  up  to  200-350®);  3)  corrosion-resistant 
(functioning  in  salt  water). 

Aluminum  casting  alloys  have  a  low  specific  gravity  (2.5-2.75), 
high  impact  strength,  and  comparatively  high  electrical  and  thermal 
conductivity.  Heat  treatment  increases  the  strength  of  the  majority 
of  aluminum  casting  alloys  (see  Heat  treatment  of  aluminum  alloys). 

The  mechanical  properties  of  all  aluminum  casting  alloys  are  determined 
both  by  the  content  of  alloying  elements  and  by  that  of  impurities. 

The  State  Standards  consequently  give  the  maximum  permissible  impurity 
content.  Many  metals  which  are  alloying  elements  for  certain  ligatures 
have  a  detrimental  influence  on  the  properties  of  others.  Thus,  copper 
is  an  alloying  element  of  AL3,  AL5,  and  AL7,  but  an  impurity  In  A12, 
its  content  being  restricted  by  its  negative  Influence  on  corrosion 
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resistance  (see  Corrosion  of  aluminum  alloys).  An  admixture  of  zinc  re¬ 
duces  the  mechanical  properties  of  Al-Sl  and  Al-Cu  alloys.  Tin  and  lead 
substantially  lower  the  melting  temperature  of  these  alloys,  even  when 
only  tenths  of  a  per  cent  are  present.  Silicon,  which  is  an  alloying 
element  In  AL2,  AIj4,  AL9,  et  al. ,  reduces  the  mechanical  properties  of 
Al-Mg  alloys.  Iron  has  a  very  detrimental  Influence  on  sllumln,  causing 
formation  of  a  brittle  Al-Sl-^e  ternary  phase,  which  crystallizes  In 
laminar  form.  The  presence  of  this  brittle  phse  reduces  the  mechanical 
properties,  especially  the  plasticity  and  Impact  strength,  of  Al-ol  al¬ 
loys.  The  positive  Influence  of  small  additions  of  certain  metals  on 
the  structure  and  properties  of  aluminum  casting  alloys  must  also  be 
taken  Into  account;  these  metals  Include  manganese,  which  Is  incorpor¬ 
ated  Into  the  quaternary  phase  Al-Sl-Pe-Mn,  a  phase  that  crystallizes 
In  round  grains  rather  than  laminae,  and  beryllium,  which  In  magnesium- 
containing  alloys  forms  a  dense  film  of  MgO«BeO  at  the  surface  of  the 
molten  metal  and  thus  prevents  diffusion  of  gases  Into  the  alloy.  By 
reducing  the  quantity  of  metallic  and  nonmetalllc  Impurities  (using 
hlgh-purlty  aluminum),  adding  small  amounts  of  titanium,  zirconium,  and 
beryllium,  and  using  the  most  effective  refining  methods  and  advanced 
casting  techniques  it  Is  possible  to  Increase  the  mechanical  and  other 
properties  and  the  hermetlclty  of  aluminum  casting  alloys  materially. 

References ;  Bochvar,  A. A.,  Metallovedenlye  [Metalworking],  5^ 
Edition,  Moscow,  1956;  Al'tman,  M.B. ,  et  al. ,  Playka  1  lit 'ye  legklkh 
splavov  [Melting  and  Casting  of  Light  Alloys],  Moscow,  1956. 

M.B.  Al’tman 
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ALUMINUM  FOIL  -  Is  a  strip  with  a  thickness  from  0.05  oa  (with  a 
tolerance  of  0.005  nim)  to  0.2  mm  (with  a  tolerance  of  0.04  mm).  The 
strip  Is  from  10  to  46o  mm  wide  (at  a  thickness  from  0.055  to  0.04  mm), 
or  from  10  to  600  mm  wide  (at  a  thickness  from  0.05  to  0.2  mm).  Alumin¬ 
um  foil  Is  manufactured  from  the  aluminum  grades  AD,  ADI  (COST  4784-48) 
and  AVOO,  AOO,  AO,  A1  (GOST  3549-55).  It  Is  used  for  the  production  of 
honeycomb  structures,  and  capacitors,  for  heat  Insulation,  for  water¬ 
proofing,  and  for  decorative  and  other  purposes.  It  Is  available  In 
rolls  in  annealed  and  cold  hardened  states.  In  diverse  tints  or  with 
printed  ornaments.  The  foil  from  the  AMts  alloy  Is  produced  in  cold 
hardened  state  with  a  thickness  from  0.05  to  0.1  mm  and  a  width  from 
100  to  175  nun. 

Ye.D.  Zakharov 
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ALUMINUM  FOROINO  ALLOYS  -  alloys  distinguished  by  high  plastic 
properties  at  hot-working  temperatures  and  good  foundry  properties, 
which  make  it  possible  to  obtain  Ingots  of  specified  sizes  and  to  make 
forged  products  of  specified  shape  and  dimensions.  Aluminum  forging  al¬ 
loys  are  used  to  make  forgings  and  stampings  with  larger  dimensions  and 

complex  shape  than  any  other  material.  This  makes  It  possible  to 
build  structures  from  large  subassemblies  with  a  minimal  number  of  mem¬ 
bers.  An  Important  advantage  of  certain  aluminum  forging  alloys  Is  the 
relatively  high  uniformity  of  their  properties  In  the  three  mutually 
perpendicular  directions,  together  with  good  hardenablllty  of  solid 
sections  and  low  warpage  during  machining. 

The  aluminum  forging  alloys  Include  AK6,  AK6-1  and  AK8  In  the 
Al-Mg-Sl-Cu  system;  alloys  AK2,  AK4  and  AK4-1  In  the  Al-Cu-Mg-Pe-Nl 
system;  alloy  V93  In  the  Al-Zn-Mg-Cu  system  and  alloy  VD17  In  the  Al- 
Cu-Mg  system.  In  addition  to  these  forging  alloys,  forgings  and  stamp¬ 
ings  may  be  made  from  alloys  AD,  ADI,  AMts,  AMtsl,  AMgl,  AMg2,  AMg3, 
AMg4,  AMgSV,  AMg6,  AD31,  AD33,  AD35,  AV,  Dl,  M40,  V95>  V96,  D20,  VAD23, 
SAP-1,  SAP-2,  SAS-1  (see  ai’tlcles  on  Medium-strength  aluminum  shaping 
alloys.  High-strength  aluminum  shaping  alloys.  Heat-resistant  aluminum 
shaping  alloys.  Sintered  aluminum  alloys  and  Sintered  aluminum  pow’er). 

The  forging  alloys  AK2,  AK4,  AK4-1  and  V93  do  not  contain  Cr,  Mt, 
Zr  or  other  additives  that  promote  the  appearance  of  the  aluminum-alloy 
press  effect  and  accelerate  the  decay  process  of  the  supersaturated 
solid  solution  of  aluminum.  As  a  result,  the  alloys  are  distinguished 
by  relatively  little  property  anisotropy  and  by  good  hardenablllty.  Al- 


186 


I-42al 

loy  V93  has  the  highest  strength  among  all  of  the  aluminum  forging  al¬ 
loys,  but  softens  rapidly  on  prolonged  heating  above  100*.  It  Is  more 
sensitive  to  notching  under  alternating  load  then  alloys  AK6  and  AK4-1. 

Alloys  AK2,  AK4,  and  AK4-1  have  medium  strength  at  room  tempera¬ 
ture  and  relatively  high  strength  at  temperatures  up  to  200-250*.  After 
quenching  In  hot  water,  forgings  and  stampings  of  alloys  AK2,  AK4, 

AK4-1  and  V93  show  only  Insignificant  warpage  during  machining.  In  many 
cases,  they  can  be  put  through  all  machining  operations  (except  for 
seating  pads)  before  tempering. 

Alloy  AK6  can  be  used  for  stampings  with  extremely  complex  shapes 
and  Is  one  of  the  widely  used  forging  alloys.  Alloy  AK6-1  is  a  modifica¬ 
tion  of  alloy  AK6.  Small  additives  of  chromium  and  titanium  make  It 
possible  to  reduce  the  tendency  toward  the  appearance  of  a  columnar 
structure  in  Ingots  and  coarse  reorystalllzation  structure  in  workpie¬ 
ces. 

Alloy  AK8  Is  stronger  than  alloy  AK6,  but  a  number  of  difficulties 
are  encountered  In  Its  heat  treatment  (narrow  temperature  range  of 
heating  for  quenching,  which  frequently  results  In  overheating  of 
workpieces  or  "nettling"  -  the  appepr*ance  of  chains  of  Intermetallldes 
along  the  grain  boundaries,  particularly  In  solid  sections). 

Alloys  AK6,  AK6-1  and  AK8  are  usually  used  In  the  tempered  and  ar¬ 
tificially  aged  states,  but  In  cases  where  It  Is  necessary  to  elevate 
the  plasticity  of  the  metal,  they  may  also  be  used  after  natujTal  aging. 
In  this  case,  the  strength  characteristics  of  these  alloys,  and  the 
yield  point  In  particular,  drop  noticeably. 

Alloy  VD17  Is  of  medium  strength  at  room  temperature  and  has  high 
hot  strength  (short  and  long  tens)  at  2CX)-250**  It  Is  used  chiefly  for 
stamping  and  priming  of  compressor  blades. 

The  propez^les  of  the  forgings  and  stampings  in  the  transverse  dl- 
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rectioHi  particularly  through  the  thickness  (height)  are  extremely  im¬ 
portant  for  evaluation  of  the  forging  alloys  and  the  processes  used  in 
working  them.  The  strength  and  particularly  the  plasticity  values  of 
the  metal  In  this  direction  may  be  only  a  fraction  of  those  In  the 
longitudinal  direction  If  the  alloy  or  forging  procedure  has  not  been 
properly  specified.  When  new  types  of  stampings  or  forgings  are  being 
made,  provision  Is  made  In  advance  for  cutting  out  control  specimens  at 
various  points  on  the  workpiece  in  all  three  directions,  In  accordance 
with  the  possible  distribution  of  the  working  stresses. 

These  alloys  are  frequently  worked  by  a  combined  swaging  and  draw¬ 
ing-down  process  consisting  of  repeated  swaging  and  drawing  operations, 
with  drawing  before  swaging  In  the  direction  perpendicular  to  the  axis 
of  the  billet.  Such  working  raises  the  strength  characteristics  and  the 
plasticity  of  the  material,  particularly  In  the  transverse  directions. 
All  forgings  that  will  go  on  to  fabrication  of  critical  stress-bearing 
components  should  be  subjected  to  this  process. 


Fig.  1.  Stress-strain  curves  to  yield  point  at  room  and  elevated  tem¬ 
peratures  for  AK4  alloy.  A)  a,  kg/tnm^. 


Rolled  tuid  extruded  products  can  also  be  fabricated  from  any  forg¬ 
ing  alloy  that  submits  to  casting  and  hot  working.  Thus,  the  production 
of  sheet  from  AK6  and  AiC8  alloys  has  certain  technological  advantages: 
large  ingots  may  be  poured  and  rolled  with  less  difficulty  than  In  the 
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Fig.  2.  Stress-strain  curves  to  yield  point  at  room  and  elevated  tem¬ 
peratures  for  VD17  alloy.  A)  a,  kg/nafi, 

case  of  alloys  D1  and  Dl6.  Sheets  of  alloy  AK4-1  are  distinguished  by 
high  fatigue  strength  up  to  200*.  Large  shapes  are  fabricated  from  V93 
alloy.  These  shapes  have  lower  strength  In  the  longitudinal  direction 
and  better  properties  In  the  transverse  direction  than  alloy  V95  shapes. 
The  larges  profiles,  for  which  the  initial  billet  is  an  Ingot  1000- 
1100  mm  In  diameter,  are  produced  considerably  more  easily  from  V93 
than  from  V95  alloy. 

Figures  1  and  2  show  tension  diagrams  for  alloys  AK4  and  VD17  as 
far  as  the  yield  point;  Figs.  3  and  4  show  creep  curves  for  alloy  VD17 
at  250*  and  300*;  Figs.  5  and  6  show  the  fatigue-strength  curves  of  AK4 
and  VD17>  and  Pigs.  7  and  8  show  the  endurance  curves  of  AK4-1  alloy  af¬ 
ter  shot  blasting.  For  the  properties  of  the  aluminum  forging  alloys, 
see  Tables  1-13- 

Corrosion  resistance.  Alloys  AK6,  AK6-1,  AK8,  AK2,  AK4,  AK4-1  aiid 
VDI7  possess  satisfactory  corrosion  resistance,  but  have  a  tendency  to 
corrosion  cracking;  this  applies  particularly  to  AKb  In  thin  sections. 
The  corrosion  resistance  of  alloy  V93  Is  practically  the  same  as  that 
of  alloy  V93-  It  Is  superior  to  alloys  A1C6,  AK8  and  AJC4  as  regeitls 
oveivall  corrosion  resistance,  but  has  a  stronger  tendency  to  corrosion 
cracking.  Anodizing  with  chromate  filling  of  the  film  provides  depen¬ 
dable  corrosion  protection. 

Heat  treatment  and  mechanical  working.  To  render  the  properties 


. 
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TABI£  1 

Mechanical  Properties  of  Small  Forgings  and  Stamp¬ 
ings  in  the  Tempered  and  Artificially  Aged  State* 


-  0.33. 

♦*The  endurar.cc  limit  was  determined  In  alternating 
bending  of  a  rotating  specimen:  N  >  2  x  10^  cycles. 

Aj  Alloy;  B)  (kg/'mm  );  C)  Tsr*  D)  smooth  specimen; 

E}  notched  specimen;  P)  VD17;  Q)  V93. 


TABLE  2 

Mechanical  Properties  of  AK6-1 
Alloy  Stampings  at  Low  and  Ele¬ 
vated  Temperatures 
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JJ 

IV 

— 

1 1.0 

TO 

■  Ml 

+  200 

20 

- 

10.0 

4.0 

1 

*TRe  endurance  limit  was 

determined  in  bending  of  a  sta¬ 
ting  specimen;  N  -  2  x  10'  cycles. 

p 

1)  State  of  material;  2)  test  temperature  i*C);  3)  (icg/mn  );  4)  smooth 
specimen;  5)  notched  specimen;  6)  tempered  and  artificially  aged. 
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TABLE  3 

Mechanical  Propex^- 
tlea  of  Forged  Seml- 
flnlehed  Products 
(Tempered  and  Arti¬ 
ficially  Aged)  of  Al¬ 
loy  AXS  at  Elevated 
Temperatures 


A)  Teat  temperature 
(  C);  B)  holding  time 
(hours);  C)  (Jcg/mmS). 
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TABLE  3 

Typical  Mechanical  Pi*oper- 
tiea  of  Extruded  AIC4  Alloy 
Strips  with  and  Across  Fi¬ 
ber 


A 

•* 

n 

r 

B 

(■r/jUi*) 

(«) 

<V«9 

■aa* 

PM 

■•a* 

pa- 

aoM 

1 

_ 

U.O 

*•.» 

u.ft 

20. » 

ij.i 

T.O 

4X.» 

1«.0 

•.» 

t.o 

13.0 

3.5 

norm  nil  . 

4t.« 

*«.o 

1.0 

i.O 

*TRe  endurance  limit  o  , 
was  determined  in  pure 
bending  of  a  rotating  spe¬ 
cimen;  N  ■>  2  X  10'  cycles. 

A)  Cutting  direction  of 
specimen;  3)  kg/mm^;  C) 
smooth;  D)  notched;  £) 
lengthwise;  F)  crosswise; 
0)  through  thickness. 


TABLE  6 

Mechanical  Properties  of 
AK4  Alloy  Extruded  Rods  at 
Low  Temperatures 


A 

TtMB-PO 

■cotrraaao 

<*C) 

OOpoMa 
.‘  Coo  BMpeM 

OOpOMU  e  Hn.ipcanm 

^‘3 

i± 

♦ 

r 

**M  , 

(atjui*) 

F 

V.  (%) 

;) 

+20 

43.0 

;  0.0 

^  il.O  I 

1  .• 

-40 

4;.s 

2** .  “ 

A.S 

4:.s  ' 

t  .ft 

-70 

42.<': 

:  M  ,  j 

47,..  1 

1.4 

-100 

SI 

O.S 

52."  ! 

t  .0 

Test  temperature  (“C); 
smooth  specimen;  C)  o. 


(kg/mm  ):  D)  notched  spe¬ 
cimen;  E)  (kg/mm^); 

P)  {%)■ 


TABLE  7 

Mechanical  Properties  of  AK4  Al¬ 
loy  Extruded  Strips  at  Elevated 
Temperatures 


Tomom 

*  »  •«  1 

1  1 

1  •» 

1  1 

1  * 

pcvwram 

CC)  jl 

C  (■rjUl')  j 

! 

1 

20 

7300 

1 

1 

25.0  1 

1 

1 

32.0 

30.0 

».S  1 

2t  .5 

100 

0000 

2S.0  1 

3t.O  i 

30.0 

0.0  , 

22  0 

ISO 

- 

23.  S  ; 

:  30.5 

!  35.5 

0.5 

24.  S 

200 

0200 

23.0 

1  :».o 

1  32. S 

0.0 

20.5 

250 

sooo 

10.0 

:s.o  1 

20.0 

0.0  i 

Jl  .4 

300 

sooo 

7.0 

tft.l 

iO.S 

IO.S 

53. 0 

ISO 

4300 

1 

4.0 

!  5.0 

I.S  j 

[33.5 

i 

r»  s 

A)  Test  temperature  (*C);  B) 
°pts'  (kg/mm2). 
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TABLE  6 


LABLE  9 


Mechanical  Properties 
of  AK4-1  Alloy  Forg¬ 
ings  at  Elevated  ’’’em- 
peratures 


Ttm^pa 

BpnM 

•i 

*<• 

scutum 

CO 

rp«M 

B 

g 

(%) 

1 

20 

_ 

50 

II 

tto 

0.1 

It 

to 

ifto 

IT 

It 

iH 

0.5 

15.5 

22 

iOO 

to 

II 

200 

0.5 

22 

14 

too 

25 

1 

225 

:.5 

II 

15 

IDO 

24 

to 

250 

0.5 

25 

II 

IOO 

20 

20 

2»» 

0.5 

24 

11 

lOJ 

10 

25 

A)  Test  temperature 
f^C);  B)  heating  time 
(houra);  C)  ^kg/ 


Mechanical  Properties  of 
V93  Alloy  Forgings  Made 
from  an  Ingot  800  mm  In 
Diameter  (Tempering  In 
Forgings) 


To» 

mm 

m 

’  no  MBS* 

|aoHpmi| 

|aeM«Hai| 

3? 

• 

0K 

* 

3? 

W 

w 

•m 

3| 

A 

w 

120 

52 

2.0 

55 

5.5 

51 

2,0 

200 

55 

5.C 

hi 

4.0 

51 

J.f 

500 

52 

4.5 

50 

4.5 

•0 

l.t 

1 

h 


Forging  thickness  (mm); 
lengthwise;  3)  kg/^2; 
crosswise;  5}  through 


thlcknets. 


41 


Pig.  3*  Creep  curves 
of  VD17  alloy  at  250*. 

A)  Test  time  in  hours; 

B)  kg/min^. 


it 


Fig.  4.  Creep  curves 
of  VD17  alloy  at  300*. 

A)  Test  time  In  hours; 

B)  kg/mm2. 


TABLE  10 


TABI£  11 


Mechanical  Pro¬ 
perties  of  V93 
Alloy  Forgings 
at  Low  and  Ele¬ 
vated  Tempera¬ 
tures 


-?*  i 

AB 

SB 

T 

4  20  i 

hi 

45 

? 

4111  > 

*' 

44 

0 

4^115  ! 

15 

41 

1 

4151  ! 

*• 

At 

1 

A)  Test  tempera¬ 
ture  (*C);  B) 
(kg/mro2). 


Endurance  Limits 
of  Extmrded  Semi¬ 
finished  Products 
of  VD17  Alloy  at 
20* 


TT 

•  I« 

k 

sH 

1:1 

0<m. 

It. A 

i.i 

tm  . 

lA.t  1 

1 

1.5 

O 

A)  Specimen  cutting  direction;  B)  (kgAw  ) ;  C) 
smooth  specimen;  D)  notched  specimen;  E) 
lengthwise;  F)  crosswise. 
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Pig.  5-  Patlgue-strength 
curves  of  alloy  AK4.  A) 
kg/mrn^;  b)  time  to  failure 
in  hours. 


TABLE  12 


Physical  Properties  of  Forging  Alloys 


cnjiiB  ^ 

(OM  MM'Im) 

“ir: - 

(KOJt  CM 

*  1  O'- 
(1/*C) 

“E - * 

c  (*0.1  »"C) 

AK6,  AKC-I 

2.7i 

0.041 

0,42(25") 

0,45(400") 

21 .4(20-100") 
35.8(400  -500") 

0.19(50") 

0.24(400") 

AKI  . 

•  •  ■ 

2.8 

0.043 

0.38(25") 

0,43(400") 

25.5(20-100") 

24.5(20-300") 

0,20(100") 

0,26(400") 

AK2  . 

2.8 

0.047 

0.37(25") 

0,43(400") 

22.3(20-100") 

24,2(20-300") 

0,18(100") 

0.24(400") 

AK4 

•  •  ■ 

2.77 

0.050 

0,35(25") 

0,41(400") 

21 .8(20— 100") 
24.9(20-300'-) 

0.20(100") 

0.25(400") 

AK4-1 

2.8 

0,055 

0.34(25") 

0.30(400") 

19,6(20-100") 

24.8(300-400") 

0.19(100") 

0,22(350") 

Bfll7 

F  • 

2.75 

0.055 

0,32(25") 

0,41(400") 

23.8(20-100") 

26.9(300-400") 

0,20000") 

0,23(400") 

B»3  ■ 

a. . 

2.84 

0.0408 

0,39(25") 

0,39(400") 

24,1(20-100") 

40.7(300-400") 

0, 19(20") 
0.27(400") 

*5  O 

A)  Alloy;  B)  y  (g/cm^);  C)  p  (ohms •mm‘‘/m) ;  D)  X 
(cal/cm.sec^C);  E)  c  (cal/g°C);  F)  VD17;  G)  V93. 


uniform  through  the  length,  width  and  thickness  of  the  workpiece,  the 
blank  should  be  given  swaglng-and-drawlng  in  three  (or  two)  mutually 
perpendicular  directions.  Alloys  AK6  and  AK6-1  forge  easily  from  an  ex¬ 
truded  blank.  The  forging  and  stamping  temperatures  range  from  380-470°. 
The  critical  strain  lies  in  the  range  from  2-15^.  The  alloys  should  be 
deformed  with  more  than  20%  upsetting.  They  have  lower  plasticity  in 
the  case  state.  The  forging  and  stamping  temperature  for  the  cast  state 
ranges  from  380  to  450°.  Various  types  of  complex-shaped  forgings  and 
stampings  can  be  made  from  alloys  AK6  and  AK6-1.  The  heating  tempera- 
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ture  for  quenching  is  500-515*;  cooling  Is  In  water  and  the  pieces  are 
artificially  aged  at  15O-I65*  for  6-15  hours. 


•MUM*  A 


Pig.  6.  Fatigue-strength 
curves  of  VDI7  alloy.  A)  a, 
kg/imn^j  b)  time  to  failure 
In  hours. 


Pig.  7.  Endurance  curves  of  AK4-1  alloy  In  cantilevered  bending  of  ro¬ 
tating  specimens  with  shoulder  (ou^  =  I.85).  l)  Specimens  with  work- 
hardened  surface;  2)  specimens  with  polished  surface.  A)  0,  kg/tem^;  B) 
number  of  cycles  to  failure,  N. 


Alloy  AK8  exhibits  satisfactory  hot  plasticity.  It  can  be  used  to 
make  forgings  and  stampings  with  complex  shapes.  The  heating  tempera¬ 
ture  for  quenching  is  490-505*;  cooling  Is  In  water  and  the  pieces  are 
artificially  aged  at  150-I65*  for  6-15  hours;  natural  aging  for  at 
least  4  days.  Alloys  AK6,  AK6-1  and  AKS  (and  alloy  VDI7)  are  tempered 
In  water  at  room  temperature  (when  they  are  tempered  In  boiling  water, 
the  strength  drops  sharply).  Hence  considerable  warpage  during  temper- 
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Fig.  8,  Endurance  curves  of  AK4-1  alloy  In  cantilevered  bending  of  ro¬ 
tating  specimens  with  semicircular  notch  (a.  =2.2).  1)  Specimens  with 
shot-blasted  surface;  2)  specimens  with  polished  surface.  A)  a,  kg/mr.”; 
B)  number  of  cycles  to  failure,  N. 


Ing  and  subsequent  machining  Is  characteristic  for  pieces  made  from 
these  alloys. 


TABLE  13 

Technological  Data  on  AK2, 
AK4,  AK4-1  and  VD17  Alloys 


1 

ClUUII 

Tena^pa  i 

KORKI  ■  1 
mniKO0»- 
Ml  8  niMC* 
COetBROM 
COCT  (MHMR 

2  CC) 

Teain-pa  i 
Rarpena  ! 

nofl  1 

aananKT  I 

CO  1 

3 

I  RcKyccTeeHRoe 
crapeHRe 

TcHitcpa' 

npofldjj. 
MfiTejiK* 
HOCTb 
(lacw)  5 

AK2  ■7 

3M)-4J0 

510-520 

185-175 

U— 18 

AK*  * 

350-480 

515-520 

185—175 

16 

AKt-l 

350-450 

525-540 

180—195 

10 

'Bai7 

350-450 

495—505 

185—175 

16 

1)  Alloy;  2)  forging  and  stamping  temperature  In  extruded  state  (°C); 
3;  heating  temperature  for  quenching  (®C);  4)  artificial  aging;  5) 
temperature  ("C);  6)  time  (hours);  7)  VDlf. 


Alloys  AK2,  AK4,  AK4-1  and  VD17  possess  satisfactory  plasticity  in 
the  hot  state  and  can  be  drop-  and  press-forged.  The  permissible  degree 
of  defoimatlon  In  one  pass  under  dynamic  conditions  Is  60^,  and  under 
static  conditions  It  Is  over  60%. 

To  reduce  warpage,  workpieces  made  from  alloys  AK4  and  AK4-1  must 
be  tempered  In  water  at  90°.  This  lowers  the  strength  of  the  alloys  by 
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more  than  2-3  kg/m  [sic].  Alloy  V93  possesses  satisfactory  plasticity 
In  the  hot  state;  It  can  he  used  to  make  the  largest  forgings  and  stamp¬ 
ings,  including  complex-shaped  stampings.  To  reduce  warping  of  forgings 
and  stampings  during  the  tempering  process  and  subsequent  machining, 
the  water  temperature  In  the  quenching  bath  must  be  raised  to  70-80*. 

The  strength  characteristics  of  the  alloy  show  virtually  no  change  when 
the  water  temperature  in  the  quenching  bath  Is  raised  right  up  to  90*, 
but  the  elongation  has  a  tendency  to  diminish. 

All  alloys  of  this  group  can  be  welded  satisfactorily  by  spot  and 
seam  welding,  but  not  by  fusion  welding.  They  are  easily  cut  In  mach¬ 
ining. 

Uses.  Alloy  AK2  is  used  to  make  pistons  for  internal-combustion 
engines;  alloys  AK4,  AK4-1  and  VD17  are  used  in  compressor  blades,  in 
pillars,  disks  and  wheels  of  turbojet  and  turbopropeller  engines,  en¬ 
gine  pistons  and  other  forged  parts  operating  at  high  temperatures.  Al¬ 
loy  AK4-1  can  also  be  used  in  sheet  form.  Stamped  and  forged  parts  with 
complex  shapes  and  average  strength  are  produced  from  AK6  and  AK6-1  al¬ 
loys  (engine  subframes,  fittings,  rockers  and  fastening  components); 
alloys  AK8  and  V93  are  used  for  heavily  stressed  stampings  and  forged 
components,  engine  subframes,  fishplates,  and  spar  flanges;  alirplane 
undercarriage  components  are  also  made  from  V93  alloy.  Recently,  alloy 
AK8  has  been  supplanting  alloys  AK6  and  V93*  In  cases  when  It  Is  neces¬ 
sary  to  have  very  high  corrosion  stability,  minimum  warpage  and  minimum 
distortion  of  geometiy  during  operation,  untempered  corrosion-resistant 
alloys  such  as  AMg5V,  AMg6,  SAP-1,  SAP-2,  etc. ,  should  be  used.  Certain 
characteristics  of  the  most  important  aluminum  forging  alloys  are  given 
In  Table  14  as  an  aid  to  selection. 

All  large,  solid  and  complex-shaped  forgings  and  stampings  must  be 
given  UZ  [ultrasonic]  Inspection  to  detect  Internal  flaws  (cracking  and 
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TABLE  14 

Certain  Characteristics  of  the  Most  Important  Forg¬ 
ing  Alloys 


CtenfUb 

MftKfi  OflOWIK^  TcWn^  KODDC*-  IIOBO/IKII  Honojf* 

Cbu*  miM*  ’2Pn»"''  'JP'”**""- 

1  2  T  ‘ t  7  8  iT 


BieHOCTh  I 

8  I 


fjf " 


CpeAsm  noo^  iUi0o  Ao  150^  VaoigieY*  StHtAKS  ■  Upii  to;i-  Cyiuecr- 


att 

e;ioH(iiMe 


oopM*  cnpeMne  udiHe  cb. 
TCiiaiiaii  ecTecTBBR*  2OU<-300 
Hoe  NJiH  AMI -c  pen- 
lli  McnyccT- 

Bennoe 


1 

CpeAHeAi 

! 

To  we 

To  we 

CAOWe* 

ROOTR 

1 

19 

1  20 

1 

20 

Caow- 

1 

^  Ao  250 

To  we 

Hbie 

22 

13 

20 

To  we  Myecmn* 
TfJIfH  H 
nfperpeBy 

on  ! 

aawejik'ji 


To  we  dBKAJiKB  I  XopMuan  CyiuecT* 


B  MCKyCCT- 
BeMHOe  I 
ctapeHBe  , 

23 


BtHKhie,  HU 
He8Ha«IH- 
TBAhHUe 
npB  BBKaji* 
Ke  B  ropB' 
*ieB  none 
(CB.  90**) 


AA3t. 

33  Aflss 

All.  AAI. 
AMrl, 
AMr2, 
AMr3, 
AMr4. 
AHr»B, 
AMr«-, 


ilfciROKa)i  1100  CcmumM  Ho  100— 
eaoMi-  120 

27 _ ll? 

CpfAmn  300— 600  HuOo-  So  130— 
Bit  180 

CAOWHbie 


IlfBbiO  300—600  To  me  To  we 

cpe;^^  20  20 

Heiuco*  600—  CnowHbic  To  we 
K18  1100  ■  He 

II  oqpHi. 

cpeAHiM  cjlowHue 


36  20 


To  we  To  »KP  To  we 

20  20  20 

nOBM*  SBKBHNB  Tiro  TOA* 
meHHao  b  eoae,  hc>  iuhhp  cb. 
KyccTBen-  2uu— 3uo 

HOe  BAB  JUM-CPPO* 
0*1  eCTeCTbBH*  HRB 
Hoe 

CT.peH«e  15 


BucQKan  Tu  we  To  we  To  we 

18  20  20  20 


Hpohbbii*  dahaoKB 
TCAbHue  R  BCAe  npB 
28  70-80*  J 

CyiuccT-  — * 
DPHHhie 


BMCObaH 
H  nOBhl* 
uieHHaB 


Mbhh* 

MBALHne 


AT  CpeoHBH  Ao  800  CpPAHell  Ao  l&O  VaoigieT'  SaKaAKa  npMTuA*  ryiiiPCT> 

T-  CAOWHO-  BOPB*  M  eCTeCT-  lUHHe  CB.  DCHHNC 

4v  XX  Xj  CTB  TCAbHaH  BCHHi’e  20U  — 30U 

_ 19  13  Tf it 

8(3,  BOO  BfcicoKaii  300— 500  To  we  flo  100—  T«  we  3*HanK»  npHTon-  CyiuecT- 

1 20  a  acHyccT-  uikhc  cb.  acHHur,  ho 

Uo  ifl  on  IQ  on  TOKHoe  200— 3U0  npa  eaKHA- 

^  •‘■•J  crapeHBe  j4ji*-HH*c|he  b  ropn- 

cpfAHero  I  “left  Boae  - 

PQ  1  HeSHaiH- 

43  I  TWHue 


A20  CpeAHiM  1100  {  To  we  100  To  we  To  wo  AOpoman  lleaHaiH- 

.  -1  TcAwiige 


BAA23  BbicoKan  300— 600  He  Ao  160—  To  we  To  we  To  we  CyuiccT- 


46  18 


O^fRb 

CAOWBUe 


!  47  13  20  20 


CAn*i»  IleDKieo-  —  CpeaHCA  300— 800  BwcnHM  He  oOpa- 

CA^3  KiB  B  CAOWHO-  ^  OBTUBB- 

40  qjfaHBB  qCth  13 


BeBRue» 
BO  HesRa- 

WfAbHIJC 

npB  aa- 
kaakb  b 
rcpBReH 
1^  acae 

Nbhb- 

MtAbKhie 


l)  Alloy;  2)  strength  at  20®;  3)  maximum  Ingot  diameter  (mm):  4)  com¬ 
plexity  of  stampings  produced;  5)  temperature  of  use  (*C);  6)  corrosion 
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resistance;  7)  heat  treatment;  8)  hardenablllty;  9)  warpage  In  temper¬ 
ing  and  machining;  10)  other  characteristics;  11)  average;  12)  most 
complex;  13)  up  to:  14)  satisfactory;  15)  tempering  and  natural  or  ar¬ 
tificial  aging;  I6)  average  at  thicknesses  above  200-300  mm;  I7)  sub¬ 
stantial;  18)  high;  19)  average  complexity;  20)  same;  21)  sensitive  to 
overheating  in  tempering;  22)  complex;  23;  tempering  and  artificial 
aging;  24)  good;  25)  substantial,  but  Insignificant  for  tempering  in 
hot  water  (above  90*);  26)  V93;  27)  high;  28)  Insignificant;  29)  tem¬ 
pering  In  water  at  70-80*;  30;  AV;  31)  above  average;  32)  tempering  In 
water,  artificial  or  natural  aging;  33)  AD31,  AD33#  AD35;  34)  low  to 
average;  35)  AD,  ADI,  AMgl.  AMg2,  AMg3,  AMg4,  AMg5V,  AMg6;  3o)  complex 
and  not  highly  complex;  37)  high  to  above  average;  38)  annealing:  39) 
minimum;  40)  Dl;  4l)  tempering  and  natural  aging;  42)  V95»  V96;  43)  be¬ 
low  average  at  thicknesses  above  20O-3OO  mm;  44;  substantial,  but  In¬ 
significant  on  tempering  In  hot  water;  45)  D20;  46)  VAD23;  47)  not 
particularly  complex;  48)  SAP-1,  SAP-2;  49)  not  machined. 


lamlnatlor^  eddy-current  tests  of  the  surface  layers,  and  careful  ex¬ 
ternal  Inspection  with  a  magnifying  glass,  particularly  after  the  fin¬ 
ished  products  have  been  anodized. 

Together  with  the  mandatory  use  of  UZ  Inspection  to  find  reject 
forgings  and  stampings  with  large  laminations  and  double-skin  areas, 
production  measures  should  be  taken  to  reduce  the  detrimental  effects 
of  lamination.  As  a  rule,  stampings  have  many  advantages  over  forgings. 
Stampings  permit  the  use  of  smalleivdiameter  Ingots .  As  the  Ingot  dia¬ 
meter  Increases,  double  skin  and  lamination  become  more  frequent  and 
their  dimensions  Increase.  Lamination  and  double  skin  are  oriented 
strictly  In  the  direction  of  the  fiber;  hence  more  successful  orienta¬ 
tion  of  the  fiber  with  respect  to  the  forces  operating  can  be  guaran¬ 
teed  In  stampings.  The  stamping  Inspection  chart  should  Indicate  the 
most  heavily  loaded  sections.  In  which  the  fiber  direction  should  not 
be  perpendicular  to  the  operating  forces.  The  degree  of  deformation  of 
the  metal  Is  also  considerably  higher  In  stampings,  and  this  Increases 
Its  strength  under  repeated  emd  vibrating  loads  appreciably.  In  cases 
In  which  It  Is  not  possible  to  guarantee  favorable  orientation  of  the 
fibers  In  the  dangerous  sections  of  the  stampings,  UZ  Inspection  of  the 
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cora^espondlng  zones  Is  Indispensable.  If  necessary  to  guarantee  higher 
reliability  of  UZ  Inspection  of  the  most  heavily  loaded  zones >  special 
production  allowances  shouM  be  made  for  removal  after  UZ  Inspection. 
The  number  and  size  of  the  permissible  defects,  their  directions  and 
locations  are  detennlned  In  each  specific  case  by  the  designer. 

References ;  Voronov,  S.M. ,  Deformlruyemyye  alyuminlyevyy  splavy 
[Aluminum  Shaping  Alloys],  Moscow,  1951;  Legklye  splavy.  Metallovedenl- 
ye,  termlcheskaya  obrabotka,  lit ‘ye  1  obrabotka  davlenlyem  [Light  Al¬ 
loys:  Physical  Metallurgy,  Heat  Treatment,  Casting  and  Mechanical  Work¬ 
ing],  collected  articles,  Moscow,  1958;  Frldlyander,  I.N.,  Vysokoproch- 
nyye  deformlruyemyye  alyumlnlycvyye  splavy  [High-Strength  Aluminum 
Shaping  Alloys],  Moscow,  1960,-  Metallurglchesklye  osnovy  llt'ya  legklkh 
splavov  [Metallurgical  Foundations  for  Light-Alloy  Casting],  collected 
az*tlcles  edited  by  I.N.  Frldlyander  and  M.V.  Chukhrov,  Moscow,  1957; 
Defonnlruyemyye  alyumlnlyevyye  splavy  [Aluminum  Shaping  Alloys],  col¬ 
lection  of  articles  edited  by  I.N.  Frldlyander  [et  al.],  Moscow,  1961; 
Dobatkln,  V. I.,  Slltkl  alyumlnlyevykh  splavov  [Aluminum  Alloy  Ingots], 
Sverdlovsk,  I960;  Kolobnev,  I.P. ,  Termlcheskaya  obrabotka  alyumlnlyev¬ 
ykh  splavov  [Heat  Treatment  of  Aluminum  Alloys],  .Moscow,  196I. 

I.N.  Frldlyander,  T.K.  Ponar’lna 
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[Transliterated  Symbols] 

cp  =  sr  »  srez  =  shear 
H  «  n  »  nadrez  «  notch 

nu  ■  pts  «  proports lonal ’nos t *  »  proportionality 
yS  ■  UZ  =  ul ' trazvukovoy  »  ultrasonic 
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ALUMINUM  FOROINOS  -  semifinished  products  obtained  by  free  forging 
of  an  aluminum-alloy  ingot  or  extruded  bar  between  flat  hammer  blocks. 
Hie  process  is  used  to  manufacture  parts  of  experimental  structures  and 
for  short-run  production.  On  the  basis  of  weight,  these  forgings  sure 
classified  Into  two  categories:  up  to  30  kg  and  over  30  kg.  Maximum 
forging  weight  is  determined  by  the  capabilities  of  the  forging  and 
pressing  equipment  and  the  technological  properties  of  the  alloy  (cast¬ 
ing  properties,  making  It  possible  to  pour  large-diameter  Ingots,  sat¬ 
isfactory  plasticity  in  the  cast  state).  Forgings  made  from  alloys  with 
good  technological  properties  (V93j  AK6,  AK8)  measure  up  to  2000  x 
X  1500  X  500  mm^  and  weigh  up  to  4500  kg.  The  use  of  an  extruded  rod 
aids  in  the  forging  process,  but  reduces  the  maximum  size  of  the  forg¬ 
ing.  The  mechanical  properties  of  the  forgings  depend  on  the  situation 
of  the  specimen  with  respect  to  the  direction  of  metal  flow  under  de¬ 
formation.  The  best  mechanical  properties  are  displayed  by  specimens 
whose  axis  is  parallel  to  the  direction  of  maximum  metal  flow,  l.e., 
along  the  length  of  the  forging,  in  most  cases;  the  properties  along 
the  forging  width  are  somewhat  poorer,  and  poorest  of  all  along  the 
thickness.  Mechanical  properties  over  the  thickness  of  a  forging  may 
prove  to  be  poorer  than  in  the  longitudinal  direction  (by  20*305^  with 
respect  to  ultimate  strength  and  by  a  factor  of  3-4  with  respect  to 
relative  elongation).  The  degree  of  forging  property  degradation  in 
the  transverse  direction  depends  on  the  quality  of  the  initial  bar  and 
the  deformation  configuration  during  forging.  An  omnidirectional  forg¬ 
ing  configuration  is  used  to  improve  these  properties.  In  order  to  re- 
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duce  warplJig,  large  forgings  made  from  aging  alloys  are  given  a  com¬ 
plete  annealing  prior  to  mechanical  working,  and  a  strengthening  heat 
treatment  Is  used  after  preliminary  peeling. 

Ye.D.  Zakharov 
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ALUMINUM  PANELS  -  monolithic,  ribbed,  and  sheet  semifinished  prod¬ 
ucts.  They  are  used  In  heavily  loaded  and  light-weight  structures  in 
areas  such  as  ship  and  aircraft  building. 

Aluminum  panels  up  to  1000  mm  or  more  wide  and  up  to  13  n  or  more 
long  are  manufactured  by  pressing  in  horizontal  hydraulic  presses  with 
forces  of  5000,  12,000,  and  20,000  t  and  by  stamping  in  vertical  hy¬ 
draulic  presses  with  forces  of  from  35,000  to  75,000  t.  Production  of 
panels  by  pressing  has  a  number  of  advantages  over  stamping;  the  fonner 
method  can  be  used  to  obtain  rib  configurations  that  cannot  be  achieved 
by  the  latter  technique  (T-shaped  ribs).  Moreover,  equipment  of  consid¬ 
erably  lower  power  can  be  employed  in  pressing.  Thus,  for  example, 
stamping  of  a  panel  700  ram  wide  and  12  m  long  in  a  vertical  press  re¬ 
quires  a  force  of  150,000  t,  while  pressing  in  a  horizontal  press  re¬ 
quires  a  force  of  5000  t.  There  are  several  procedures  for  manufactur¬ 
ing  pressed  aluminum  panels: 

l)  V-  or  U-shaped,  where  the  width  of  the  panel  somewhat  exceeds 
the  diameter  of  the  container;  2)  linear,  where  a  round  or  flat  con¬ 
tainer  Is  used  and  the  width  of  the  panel  Is  less  than  the  container 
diameter;  3)  tubular,  where  the  width  of  the  panel  considerably  exceeds 
the  container  diameter.  Panels  obtained  by  the  second  and  third  methods 
are  straightened  along  the  genetrlx  after  pressing. 

The  table  presents  data  on  possible  panel  widths  for  pressing  in 
5000  and  12,000  t  presses. 

When  the  press  force  is  raised  to  20,000  t  and  a  container  1200  mm 
In  diameter  Is  used  panels  up  to  2500  nao  wide  can  be  obtained  by  the 
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1)  Press  force  (t);  2)  container  shape;  3)  container  diameter  of  cross- 
section:  4)  linear  method;  3)  V-sha^d  method;  6)  maximum  panel  width 
(nm);  7}  pressing  of  ribbed  tubes;  6)  tube  diameter;  9)  panel  width; 

10)  round;  11)  flat. 

tubular  method.  Pressed  panels  have  thicknesses  of  4-6  mm.  It  is  possi¬ 
ble  to  manufacture  panels  that  very  in  cross-section  along  their 
length,  using  the  tubular  method.  In  this  case  the  punch  has  a  prede¬ 
termined  taper,  which  permits  variation  of  the  inside  diameter  of  the 
tube  as  the  metal  moves  by.  Panels  can  also  be  produced  with  end  piec¬ 
es,  their  productlwi  technology  being  similar  to  that  employed  for 
shapes  with  end  pieces  (see  Aluminum  shapes  of  varying  cross-section). 
However,  pressing  can  only  be  used  to  produce  monolithic  panels  with 
Icaigitudlnal  (running  in  the  pressing  direction)  ribs.  Panels  with  lon¬ 
gitudinal  and  transverse  ribs  are  manufactured  in  comparatively  small 
sizes  (up  to  2-2  m  long).  They  are  fabricated  by  stamping  in  vertical 
presses  with  forces  of  30,000  and  70,000  t.  Curved  panels  can  also  be 
produced  by  stamping.  The  height  of  the  ribs  depends  to  a  considerable 
extent  on  the  stamping  pressure,  the  die  geometry,  and  the  deformation 
temperature.  Thus,  for  example,  in  stamping  an  initial  blank  of  Dl6  al- 
l<^  13  m  thick  at  a  pressure  of  40  kg/mm  the  maximum  height  of  a 
trapezoidal  rib  is  U2.^  an,  while  at  a  pressure  of  l6  kg/nm  it  is  only 
13  nai.  Stamping  flat  ribs  by  forcing  the  metal  through  an  undercut 
groove  (similar  to  a  mold)  under  the  same  pressure  increases  rib  height 
by  30-355S.  Panels  are  stamped  in  two  or  three  operations,  depending  on 
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the  ccmp'.exlty  of  the  ribs.  Pressed  and  stamped  panels  are  delivered 
after  heat  treatment  and  straightening.  Pressed  panels  are  straightened 
on  stretching  machines «  while  stamped  panels  are  straightened  In  gaug¬ 
ing  dies.  The  mechanical  characteristics  of  pressed  and  stamped  panels 
are  equivalent  to  those  of  ordinary  semifinished  products  obtained  by 
these  methods. 

References:  Zholobov,  V.V. ,  Zverev,  O.I.,  Pressovanlye  metallov 
[Pressing  of  Metals],  Moscow,  1959* 


B.I.  Matveyev 
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ALUMINUM  PIPES  —  are  made  from  aluminum  and  its  alloys j  have  a 
round  or  fancy  hole  along  the  length.  By  their  configuration  they  are 
divided  into  3  groups:  smooth,  fancy  (rectangular,  square,  hexagonal, 
etc. )  and  ribbed  (with  longitudinal  or  transverse  ribs.  Smooth  pipes 
are  made  by  pressing  (extrusion)  of  the  pipe  blank  with  subsequent  cold 
rolling,  drawing  or  oni’y  hot  or  cold  extrusion.  In  x-he  hot  pressed 
state,  due  to  the  retention  of  the  press  effect  (see  Press  Effect  of 
Aluminum  Alloys)  the  strength  characteristics  of  the  pipes  are  higher. 
Smooth  pipes  can  also  be  made  by  rolling  a  strip  into  a  pipe  blank  with 
subsequent  welding  of  the  longitudinal  or  spiral  joint.  Lately  round 
aluminum  pipes  of  large  diameter  are  obtained  by  rolling  hollow  ingots 
into  strips  which  are  rolled  up  into  rolls.  These  rolls  are  unrolled  at 
the  location  where  the  finished  pipes  are  to  be  placed  into  a  strip  up 
to  100  m  ard  more  long  a  under  the  action  of  Internal  pressure  they 
take  or  the  correct  shape  of  a  round  ripe.  Shaped  pipes  are  made  by 
drawing  through  an  intricately  shaped  drawing  die  and  extrusion  through 
a  reed  female  die.  In  extrusion  through  the  reed  female  die  the  de¬ 
formed  metal,  being  separated  by  the  knife-like  part  of  the  bit.  forms 
the  Internal  veld  of  the  pipe,  is  Joined  by  pressure  and  then  welded  in 
the  cavity  zone.  Extrusion  by  this  method  requires  a  hJgh  degree  of  de¬ 
formation  and  a  high  temperature.  Usually  fancy  pipes  are  made  from  al¬ 
loys  with  a  high  plasticity  (AV-  Dl,  Dl6).  Ribbed  pipes  with  longitudi¬ 
nal  ribs  are  made  by  extrusion,  while  those  with  transverse  ribs  are 
made  by  rolling  on  special  rol]lng  m3.11s.  Smooth  and  fsincy  pipes,  as 
ribbed  pipes,  can  be  made  with  a  wall  thickness  variable  over  the 


P06 


length  (with  respect  to  the  Inside  diameter)  by  extrusion,  using  a  ta¬ 
pered  bit. 

Pipes  can  tiave  a  stepped  chan  e  In  the  Inside  diameter  at  a  specl- 
fleld  length.  The  outside  diameter  can  change  only  at  one  of  the  pipe 
ends.  Here  the  outside  diameter  can  only  be  Increased.  Aluminum  pipes 
are  made  with  diameters  of  3-4  ram  up  to  300  mn  and  more.  In  extrusion 
by  the  use  of  the  metal  counterflow  method  It  Is  possible  to  obtain  di¬ 
ameters  up  to  1500  mm;  here  the  extruding  force  should  be  by  a  factor 
of  2  and  more  lower  than  when  extruding  by  the  direct  method.  The 
length  of  such  pipes  does  not  exceed  1.5-2  meters.  Pipes  with  diameters 
from  90  to  300  mm  can  be  made  by  the  direct  extrusion  method  with  a 
wall  thickness  of  not  less  than  2-5  nm.  Cold  rolled  pipes  from  10  to  80 
ram  In  dicimeter  are  made  with  wall  thicknesses  of  1.0-1. 5  mm,  and  pipes 
2-15  mm  in  diameter  are  made  by  cold  Impact  extrusion  with  a  wall 
thickness  within  the  limits  of  0.2-0.  5  mm.  In  the  as-supplied  state 
pipes  can  be  annealed  (M)  from  the  Dl,  D6,  DI6,  AV,  AMO,  AMts,  AD  and 
ADI  alloys;  quench  heirdened  (T)  from  the  Dl,  D6,  DI6,  and  kV  alloys; 
semihardened  (P)  from  the  AMg  alloy;  hardened  (N)  from  the  AMg,  AMts, 

AD  and  ADI  alloys.  Quench  hardened  pipes  are  straightened  with  a  resid¬ 
ual  deformation  of  1.5-2.55^*  In  order  to  prevent  the  residue  of  saltpe¬ 
ter  from  settling  on  the  internal  walls  and  pipes  and  avoid  the  sharp 
drop  in  corrosion  resistance  which  this  produces,  the  pre-quench  heat¬ 
ing  Is  performed  In  vertical  air  furnaces  with  a  forced  air  circula¬ 
tion.  The  pipes  are  Inspected  for  specific  mechanical  properties,  are 
tested  in  longitudinal  compression  and  flattening  In  amounts  of  35^  from 
a  melt  batch  for  round  pipes  and  of  20^  for  fancy  pipes  after  heat 
treatment.  The  longitudinal  compression  testing  Is  performed  In  the 
cold  state  In  pipe  sections  whose  length  Is  equal  to  twice  the  outside 
diameter.  Annealed  pipes  from  brand  AD  and  ADI  aluminum  withstand. 
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idthout  forming  cracks,  the  longitudinal  compression  test  up  to  half  of 
the  initial  length.  Pipes  from  the  AKg  alloy  withstand  transverse  flat¬ 
tening  without  forming  cracks  until  the  pipe  walls  meet,  while  hardened 
and  aemihardened  pipes  withstand  it  until  the  walls  approach  one  ano¬ 
ther  through  a  dlsteunce  equal  to  four  times  the  wall  thickness.  The 
pipe  material  should  not  have  a  coarsely-grained  structure, 

B. I.  Matveyev 


208 


II-74P-1 


ALUMINUM  PLATES  -  semifinished  products  obtained  by  rolling  a  flat 
Ingot,  forged  slab,  or  pressed  strip  on  smooth  cylindrical  rolls  and 
having  a  thickness  of  more  than  10  mm.  They  have  a  maximum  width  of 
2500  mm  and  a  maximum  length  of  10,000  mm.  The  maximum  plate  thickness 
and  weight  are  governed  by  the  maximum  weight  of  the  Ingot  or  slab. 
Plates  more  than  30  mm  thick  rolled  from  flat  slabs  have  markedly  re¬ 
duced  characteristics  through  their  cross-section,  when  plates  are  used 
In  the  fabrication  of  components  Intended  to  operate  In  a  volumetrical- 
ly  stressed  state  It  Is  necessary  to  check  the  plate  characteristics  in 
all  three  directions.  Use  of  a  forged  slab  or  pressed  blank  Insures 
more  unlfonn  characteristics  In  all  directions,  but  reduces  maximum 
plate  weight.  Plates  Intended  for  the  manufacture  of  especially  criti¬ 
cal  components  should  be  fabricated  from  Ingots  cast  with  water  cooling 
only  or  from  forged  slabs.  In  rolling  plates  from  flat  Ingots  of  cer¬ 
tain  alloys  (AMg6,  etc. )  the  Ingot  Is  subjected  to  technological  plat¬ 
ing  with  pure  aluminum  In  order  to  Improve  Its  surface;  the  thickness 
of  the  plating  should  not  exceed  1.5^  of  the  plate  thickness.  It  Is 
possible  to  produce  laminated  plates  (bimetallic  or  polymetallic)  con¬ 
sisting  of  two  or  more  layers  of  different  aluminum  alloys,  which  are 
welded  to  one  another  during  rolling. 

In  order  to  eliminate  or  reduce  warping  caused  by  quenching, 
freshly  quenched  plates  are  straightened  under  tension  sufficient  to 
produce  1-2^  elongation.  The  figure  shows  a  machine  for  tenslon- 
sti’alghtenlng  fr',shly  quenched  plates  with  lengths  of  up  to  15  m, 
widths  of  up  to  3  ni,  and  thicknesses  of  up  to  I50  mm.  During  rolling  or 
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Machine  for  tens Ion - 
straightening  plates. 

heat  treatment  plates  may  develop  Internal  cracks  that  do  not  appear  at 
the  surface;  in  order  to  detect  ‘^uch  defects  the  plates  must  be  checked 
ultrasonlcally. 

References:  Sheet  Metal  Inds,  1958,  Vol.  35,  No.  372,  page  300, 

Ye.D.  Zakharov 
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ALUMINUM  SHAPES  —  semifinished  products  of  aluminum  and  aluminum 
alloys  with  a  large  length-to-cross-sectlon  ratio.  The  cross  section 
of  a  shape  may  be  consteint  or  may  vary  over  Its  length  (shapes  of  vary¬ 
ing  cross  section),  ranging  from  very  simple  to  very  complex  (Figure). 
Aluminum  shapes  are  manufactured  from  sheets  by  pressing,  stamping, 
rolling,  and  bending.  Pressing  can  be  employed  to  produce  shapes  of 
diverse  configuration  and  size,  utilizing  simple  equipment.  Pressed 
shapes  fabricated  from  certain  aluminum  alloys  have  elevated  strength 
characteristics  as  a  result  of  the  press  effect  (see  Press  effect  In 
aluminum  alloys).  Pressing  In  horizontal  hydraulic  presses  Is  the  prin¬ 
ciple  method  employed  In  the  manufacture  of  aluminum  shapes.  Pressed 
shapes  can  be  divided  into  three  groups  In  accordance  with  their  cross- 
sectional  configuration:  open  shapes,  hollow  shapes,  euid  shapes  of 
varying  cross-section. 

Shapes  of  the  1st  £uid  3rd  groups  are  pressed  both  with  and  with¬ 
out  lubrication.  Shapes  obtained  by  pressing  with  lubrication  have  a 
small  large-crystalline  rim,  a  more  uniform  structure,  and  more  uniform 
characteristics  along  their  length  than  shapes  pressed  without  lubrica¬ 
tion.  Pressing  of  shapes  with  lubrication  is  not,  however,  a  common 
procedure,  since  It  produces  an  unsatisfactory  surface  quality  (rough¬ 
ness  and  embedded  graphite  residues)  and  thus  a  greatly  reduced  corro¬ 
sion  resistance.  Shapes  of  the  2nd  group  are  pressed  only  without  lub¬ 
rication,  since  when  a  lubricant  Is  present  the  metal  does  not  fuse 
before  being  removed  from  the  mold.  Shapes  can  be  classified  In  the  fol¬ 
lowing  manner  In  accordance  with  as-dellvered  condition:  annealed  (M), 
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quenched  and  naturally  aged  (T),  and  quenched  and  artificially  aged 
(Tl).  Shapes  are  delivered  after  tension  straightening  (to  a  residual 
deformation  of  Pressed  shapes  are  produced  with  a  flange  thick¬ 

ness  of  from  1  mm  to  350  mm  or  more.  Normal-  and  hlgh-preclsion  shapes 
are  also  produced. 


Expanded  shapes  with  var¬ 
ious  cross  sections. 


The  warping  of  a  shape  about  its  longitudinal  axis  cannot  exceed 
2*  per  running  meter  over  any  segment.  Shapes  with  a  flange  thickness 
of  from  4  to  10  mm  can  be  sub.jeeted  to  smooth  bending  over  a  radius  of 
curvature  <4  mm  per  running  meter,  while  those  with  a  flange  thickness 
of  more  than  10  mm  cannot  be  bent  through  a  radius  of  curvature  of  more 
than  2  mm  per  running  meter.  Shapes  can  have  a  large-crystalline  rim 
If  their  mechanical  characteristics  satisfy  the  requirements  Imposed  by 
TU.  The  size  of  this  rim  can  be  somewhat  reduced  by  regulating  the  chem' 
leal  composition  of  the  alloy  and  the  pressing  regime.  Aluminum  shapes 
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obtained  by  pressing  have  nonuniform  characteristics  along  their  length 
and  through  their  cross  section  as  a  result  of  very  nonuniform  flow  of 
the  metal  during  pressing.  The  ultimate  strength  of  the  shape  Increases 
by  5-6  kg/mm  from  the  discharge  end  to  the  starting  end,  while  Its 
elongation  decreases.  The  minimum  characteristics  set  by  TU  for  alumin¬ 
um  shapes  consequently  respond  to  the  discharge  end.  The  nonuniformity 
of  characteristics  In  shapes  Is  also  affected  by  the  total  geometric 
deformation.  The  smaller  this  deformation,  the  greater  Is  the  nonunl- 
formlty  of  characteristics  through  the  cross  section  and  along  the 
length  of  the  shape.  The  least  nonuniformity  Is  obtained  at  a  total 
deformation  of  909^-  The  temperature  at  which  the  Ingots  are  heated  be¬ 
fore  pressing  affects  the  mechanical  characteristics  of  the  finished 
shapes.  The  Influence  of  heating  temperature  on  mechanical  characteris¬ 
tics  Is  slight  at  deformations  of  more  than  nonuniformity  of  char¬ 
acteristics  Increases  with  heating  temperature  at  deformations  of  less 
than  755^.  The  characteristics  of  a  shape  are  lower  In  the  central  por¬ 
tions  of  Its  cross  section  than  at  Its  periphery  In  this  case.  Nonunl- 
formlty  of  characteristics  decreases  as  the  temperature  Is  reduced. 

The  optimum  pressing  temperature  for  the  soft  alloys  AD,  ADI,  AMg,  AMg3, 
AMts  and  AV  and  all  types  of  pure  aluminum  is  350-450®,  while  that  for 
the  hard  alloys  Dl8,  D3P,  Dl,  D6,  AMg5,  AK?,  AK4,  AK5,  AK6,  AK8,  V95, 
VAD23,  D19f  D20,  etc.  Is  350-400®.  Higher  pressing  temperatures  permit 
a  reduction  In  pressure,  but  the  pressing  rate  Is  also  reduced  and  the 
surface  quality  of  the  shapes  deteriorates.  Hard-alloy  Ingots  are  us¬ 
ually  subjected  to  homogenization  heating  at  temperatures  near  the 
quenching  temperature.  Homogenization  greatly  reduces  the  anisotropy 
of  characteristics  In  pressed  shapes.  The  flow  rate  during  pressing  Is 
considerably  higher  for  soft  alloys  than  for  hard  alloys  (being  0.3-1 
m/mln  for  the  latter).  The  flow  rate  has  no  effect  on  the  mechanical 
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characteristics  of  the  finished  shapes.  Shapes  obtained  by  bending 
sheets  have  a  number  of  advantages,  including  thin  walls  (less  than  1 
mm  thick),  low  tolerances,  uniformity  of  characteristics  through  their 
cross  sections,  and  a  comparatively  simple  production  technology. 

References;  Zholobov,  V.V. ,  Zverev,  G. I.,  Pressovanlye  metallov 
[Pressing  of  Metals],  Moscow,  1959j  Gubkin,  S.I.,  Tec^rlya  obrabotka 
metallov  davleniyem  [Theory  of  the  Pressure  Working  of  Metals],  Moscow, 
19^7j  Matveyev,  B. I.,  Zhuravlev,  F.V. ,  Tekhnologlya  pressovanlya  profll- 
ey  peremennogo  1  perlodlcheskogo  sechenly  Iz  legklkh  splavov  [Techni¬ 
ques  for  Pressing  Shapes  of  Varying  and  Periodic  Cross  Section  from 
Light  Alloys],  Moscow,  1959* 

B. I.  Matveyev 
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ALUMINUM  SHAPING  ALLOYS  WITH  SPECIAL  PROPERTIES  -  SAS-1  sintered 
aluminum  alloy,  which  has  a  reduced  coefficient  of  linear  expansion, 
and  AMtsM-l  alloy,  which  has  a  low  terapcj^ature  coefficient  of  electrl- 

TABLE  1 

Typical  Mechanical  Properties  of  Semifin¬ 
ished  Products  of  AMtsM-1  Alloy  (at  20*^) 
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1)  Type  and  size  of  semifinished  product;  2)  state  of  material;  3)  lon¬ 
gitudinal;  4)  kg/mm^;  5)  transverse;  6)  strips  10  mm  thick;  7)  cast; 

8)  sheets  0.5~1*0  mm  thick;  9)  cold-worked. 


TABLE  2 

Typical  Electrical  Properties  of  Semifin¬ 
ished  Products  of  AMtsM-1  Alloy  (at  20®)* 
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^Sheets  1.0  mm  thick. 

1)  Electrical  prooertles;  2)  cold-worked,  annealed  at  200*  for  16  hr, 
and  alivcooled;  3)  cold-worked,  annealed  at  300“  for  3  Hr,  and  aljv- 
cooled;  4)  cold-worked,  annealed  at  300*  for  l6  hr,  and  air-cooled; 

5)  p  at  20*  (ohm«mm^/m);  6)  temperature  coefficient  of  electrical  i»e- 
slstance  (O-lOO*). 
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cal  realstance. 

AMtaM-l  alloy  contains  2.0-4.5J8  Mn  and  is  prepared  from  pure  Al. 
The  low  temperature  coefficient  of  electrical  resistance  of  this  alloy 
Is  attributable  to  formation  of  a  supersaturated  solid  solution  of  Mn 
In  Al  as  a  result  of  quenching  from  the  liquid  state.  The  billet  for 
production  of  sheets  is  a  strip  6-12  mm  thick,  which  Is  ''ast  directly 
In  a  special  apparatus,  the  crystallized  metal  being  rapidly  cooled. 
Annealing  at  temperatures  above  200°  causes  decomposition  of  the  super¬ 
saturated  solid  soluclon  of  Mn  in  Al  and  reduces  the  electrical  charac¬ 
teristics  of  the  alloy.  Rolling  of  thinner  sheets  (up  to  0.5  mm)  and 
steunplng  are  carried  out  wltli  cold  metal  or  at  temperatures  below  200°. 
Tables  1  and  2  show  the  mechanical  and  electrical  propex’tles  of  semi¬ 
finished  products  of  AMtsM-1  alloy. 

AMtsM-1  alloy  .has  a  high  corrosion  resistance,  close  to  that  of 
pure  Al  and  substantially  higher  than  that  of  unplated  duralumin.  It  Is 
easily  stamped  when  cold.  In  order  to  avoid  deterioration  of  the  elec¬ 
trical  properties  of  the  alloy  straightening  should  be  carried  out  with 
cold  metal  or  at  temperatures  below  200°.  This  alloy  Is  used  for  elec¬ 
tronic  devices  requiring  a  reduced  temperature  coefficient  of  electri¬ 
cal  resistance  at  temperatures  of  from  below  zero  to  +200°. 

For  information  on  SAS-1  alloy  see  Sintered  aluminum  alloys. 

References :  Fridlyander,  I.N. ,  DAN  SSSR  [Proceedings  of  the  Acad¬ 
emy  of  Sciences  USSR],  1955.  Vol.  104,  No.  3.  429;  Fridlyander, 

I.N. ,  Konstantinov,  V.A. ,  Zaytseva,  N.I..  ZhFKh  [Jcional  of  Physical 
Chemistry],  1956,  Vol.  30,  No.  7,  Shplchlnetskly .  Ye.S.,  .Rcgel'terg, 
I.L.  ,  Chutko,  V.V.  ,  in  collection:  Metall  vedenlye  tsvetnykh  r.etallov 
1  yplavo-^  [working  of  Nonferrous  Metals  and  Alloys],  edited  by  V.A. 

12,  Moscow,  1950;  Fridlyander,  I.N.  and  Khol'nova,  V.I., 
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in  collection  Metallurglchesklye  osnovy  llt'ya  legklkh  splavov  [Metal¬ 
lurgical  Principles  of  the  Casting  of  Light  Alloys],  Moscow,  1957. 
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ALUMINUM  SHEET  Is  produced  by  rolling  a  flat  ingot,  forged  slab  or 
pressed  bar  on  smooth  cylindrical  rolls.  Sheets  are  obtained  by  hot 
rolling  (hot -rolled ) ,  hot  rolling  with  subsequent  cold  cold  rolling 
(cold-rolled).  The  dimensions  of  the  sheet  produced  are:  thickness  from 
0.5  mm  (allowable  deviation  0.1  mm)  to  10  mm  (allowable  deviation  0.5 
mm);  width  1000-2000  mm,  length  to  7OOO  mm.  If  required,  sheet  can  be 
produced  with  width  to  25OO  mm  and  length  to  10,000  mm.  Sheets  made 
from  alloys  which  are  not  strengthened  by  heat  treatment  are  delivered 
annealed  (for  example,  AMtsM),  half -hard  (for  example,  AMtsp),  hard 
(for  example,  AMtsN).  Sheets  from  the  alloys  which  are  slreiigthened  by 
heat  treatment  are  delivered  annealed  (for  example,  D16m);  solution 
treated  and  naturally  aged  (for  example,  V95T1,  D16t);  solution  treated 
and  artlflcally  aged  (for  example,  V95T1,  DI6TI);  strain  hardened  after 
solution  treatment  and  natural  aging  (for  example,  D16TN);  highly 
strain  hardened  (degree  of  cold  deformation  15-20^)  after  solution 
treatment  and  natural  aging  with  subsequent  artificial  aging  (for  exam¬ 
ple,  DI6TINI,  DI9TINI);  strain  hardened  after  solution  treatment  and 
artificial  aging  (for  example,  V95T1N).  With  regard  to  the  surface  fi¬ 
nish,  the  sheets  are  divided  into  structural  and  facing.  Facing  sheets 
are  produced  with  higher  requirements  on  the  quality  of  the  surface  fi¬ 
nish.  Their  designation  includes  the  letter  "V"  (for  example,  DI6TNV). 
Sheet  made  frcm  the  Dl,  DI6,  V95  alloys  can  be  produced  without  clad¬ 
ding.  In  this  case  the  designation  includes  the  letter  "B"  (D16b). 
Sheets  made  from  these  alloys  of  thickness  0.8-4  mm  with  heavy  cladding 
(7*55^  on  each  side)  have  a  designation  with  the  letter  "U.  "  Surface  de- 
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fects  of  the  sheets  (scratches,  nicks,  worn  spots,  wrinkles,  Imprints 
from  the  rolls,  spots,  stripes,  etc.)  are  permitted  in  the  limits  es¬ 
tablished  by  the  specifications.  Delamlnatlons  which  do  not  extend  to 
the  surface  of  the  sheet  can  be  detected  by  untrasonlc  Inspection. 

Ye.D,  Zakharov 
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ALUMINUM  SHEET  OF  VARIABLE  SECTION  (tapered  sheet).  Variation  of 
the  cross  section  of  the  sheet  along  the  length  can  follow  a  linear 
law,  some  curved  law,  or  periodic,  i.e.,  power  laws. 

An  economical  method  of  producing  sheets  with  variable  section  is 
rolling  and  this  method  is  the  most  widely  used;  this  method  can  pro¬ 
duce  sheets  only  with  a  uniform  variation  of  the  cross  section  area. 
Other  methods  are  machining  on  milling  machines,  etching  in  concentrat¬ 
ed  solutions  of  alkalis  and  acids.  The  first  two  methods  permit  produc¬ 
ing  sheets  with  both  uniform  and  periodic,  power,  variation  of  the 
cross  section. 

The  following  form  of  sheets  of  variable  section  cross  are  rolled; 
with  one-sided  taper,  with  one-sided  taper  with  a  region  of  constant 
section;  with  bilateral  taper  with  the  presence  of  a  region  of  constant 
section  in  the  center  of  the  sheet.  The  width  of  the  sheets  produced 
industrially  is  800  mm  and  more,  maximal  length  is  5  meters.  The  maxi¬ 
mal  thickness  of  the  sheets  is  10  *nm  and  the  minimal  is  1  mm. 

The  maximal  permissible  taper  is  <  1  mm/runnlng  meter.  The  toler¬ 
ance  on  the  sheet  thickness  is  ±0.2  mm,  the  width  tolerance  is  ±  1  mm, 
the  length  tolerance  is  ±  5  mm.  Sheets  can  be  produced  from  all  the 
wrought  aluminum  alloys.  They  are  delivered  in  the  solution  treated  and 
aged  condition  and  also  in  the  strain  hardened  condition. 

With  regard  to  metal  structure,  mechanical  properties,  and  also 
the  quality  and  magnitude  of  the  cladding  layer,  the  sheets  of  variable 
section  made  from  the  corresponding  aluminum  alloys  do  not  differ  from 
the  sheets  of  constant  section. 
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Mech^.nlcal  Properties  of 
Variable  Section 
Made  Prom  the  D.16  Alloy 
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/.^  state;  2) 

(kg/imn2);  3)  solution 
treated  and  aged;  4) 
strain  hardened. 

Reference:  Shcr  E.R.,  Rovyye  pnotaeaey  prototRl  [New  Rolling  Pro- 
cesses],  M. ,  i960. 


B.I.  Matveyev 
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ALUMINUM  WIRE.  This  wire  Is  produced  from  several  types  of  alumin¬ 
um  alloys  and  is  Intended  for  the  manufacture  of  rivets,  electrical 
leads,  electrodes  for  fusion-welding  aluminum  alloys,  etc.  Wire  with  a 
round  cross-section  Is  most  commonly  used;  It  Is  obtained  by  rolling 
and  drawing  round  blanks.  Pressed  blanks  are  generally  employed  In  the 
manufacture  of  rivet  wire  (1.6-10  mm  In  diameter),  although  rolled 
blanks  are  also  permissible.  Cast  blanks  are  used  principally  in  the 
production  of  electric  leads  and  small-ulameter  welding  wire. 

Wire  with  a  d  =  4  mm  or  less  Intended  for  mechanized  welding  can 
be  delivered  In  chemically  purified  form  in  hermetically  sealed  contain¬ 
ers  ana  Is  suitable  for  direct  utilization  in  automatic  and  semiautoma¬ 
tic  welding  equipment  (GOST  787I-63). 

Ye.D.  Zakharov 
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AMBER  -  Is  a  fossil  resin  of  conifers  of  the  Tertiary  period;  It 
is  amorphous.  Its  composition  is  very  complex  and  inconstant,  and  cor- 
lesponds  approximately  to  the  formula  and  contains  in  the 

average  (In  %)  79  C,  10.5  H,  and  10.5  0,  and  also  small  quantities  of 
sulfur  and  ash  as  impurities.  The  color  turns  from  straw-yellow  to 
cherry  and  darkbrown;  the  Mohs  hardness  is  2-3;  the  refraction  index 
is  1.530-1»5^7;  the  melting  point  is  250-300®,  the  decomposition  temper¬ 
ature  is  37O-380®;  amber  obtains  a  negative  electric  charge  when  rub¬ 
bed;  it  is  very  translucent  to  x-rays.  The  specific  volume  resistance 
iB  lO^'^-lO^^  ohm»cm;  ^he  dielectric  ccn‘’ta.nt  is  2.7-3*-i  t.hc  bending 
strength  (of  pressed  amber)  is  180-600  kg/cm  ;  the  coefficient  of  dl- 
electric  loss  is  0.002-0.009;  the  heat  conductivity  is  21»10  w/cm. 
Amber  is  partially  soluble  in  certain  organic  solvents,  its  solubility 
being  as  follows  (in  5^);  11.3  in  methanol;  11.5  in  carbon  tetrachlor¬ 
ide;  14.3  in  ethanol;  16.9  in  turpentine  oil*;  17*5  in  chloroform;  I8. 8 
in  ethyl  ether;  21. 3  in  benzene;  23*3  in  acetone;  24.2  in  amylol;  30.0 
in  amyl  acetate,  and  32. 1  in  bltter-almont  oil  (benzaldehyde) .  Alkalis 
and  acids  (including  hydrofluoric  acid)  do  not  almost  affect  amber. 
Sulfuric  (concentrated)  acid  eusd  concentrated  solutions  of  tin  chloride 
and  chlorine  water  affect  amber  by  corroding  the  surface.  Amber  softens 
and  may  be  pressed  when  heated  at  140-200®  (in  the  absence  of  air). 
Pressed  amber  is  composed  of  fine  grains  and  chlppings  of  natural  amber 

O 

which  are  heated  and  pressed  at  3000  kg/cm  ;  the  properties  of  pressed 
amber  are  almost  similar  to  those  of  natural  amber.  Dry  distillation 
of  amber  yields  succinic  acid  (up  to  2%),  oil  (15-20J<),  colophony  (up 
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to  60-65^),  and  water.  Melted  amber  is  a  low-melting  sufcstajice  (tp^  - 
180®)  obtained  by  dry  distillation  at  a  temperature  about  h20^ ;  it  is 
higher  soluble  in  organic  solvents  than  natural  amber. 

Amber  is  used  as  follows;  as  an  Insujating  material  in  a  number 
of  electric  devices  (mainly  pressed  amber);  in  the  manufacture  of  dish- 
ware  (beakers,  dishes,  etc.)  which  is  chemically  resistant  to  hydro¬ 
fluoric  acid  euid  alkalis;  in  the  preparations  of  succinic  acid,  oil, 
varnishes,  colophony,  medicinal  preparations,  paints,  etc.;  and  in  the 
manufacture  of  artistic  commodities  and  jewelry  (mouth-pieces,  brooch¬ 
es,  beads),  etc. 

References ;  Rybin,  A. A.,  Yantar’ ,  yego  obrabotka  1  primenenlye 
[Amber,  Its  Treatment  and  Application],  "Byul.  tekhn.  Inform,  po  kam- 
neobrabotke  1  yuvellrnomu  prolzvodstvu”  [Bulletin  of  Technical  Informa¬ 
tions  on  Stone  Processing  and  Jewelry],  195^,  7th  Issue,  No.  1,  pages 
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I  r  Arr.r.-.-'i  ” Ccuuots ve t j .  Byul.  tekh.i. -okonomn. 


inform.  TsNILKS"  [Gems.  Bulletlii  of  Technical  arid  Economical  Informa¬ 
tion  of  the  Central  Scientific  Research  Laboratory  of  Gem  Stones], 
i960.  No.  1(3) >  pages  59-62. 

V.  I.  Fln’ko 
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[Transliterated  Symbols] 


22k  IIHIIJIKC=  TsNILKS  -  Tsentral’ naya  nauchno-issledovatel' skaya 

laboratorlya  kamney  samotsvetov  =  Central 
Scientific  Research  Laboratory  of  Gem  Stones 
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amethyst 


see  Quartz . 
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AMINOPLAfiTS  —  plastics  (reactoplasta)  based  principally  on  urea- 
forma  Id  ehy'je  and  melamine-formaldehyde  resins  and  organic  or  mineral 
additives.  They  are  produced  In  accordance  with  GOST  9359-60.  Carbamide 
resins  are  obtained  by  poly condensation  of  the  amides  of  monobasic 
acids  with  aldehydes.  Cellulose  sulfite,  nitrocellulose  (llnters), 
cellulose-sulfite  paper,  various  types  of  asbestos,  talc,  mica,  etc., 
are  used  as  additives.  Amlnoplasts  are  produced  as  pressed  powders 
(types  A  and  B,  melallt,  K-77-51.  K-78-51),  fibers  (melavnioknlt,  VEI- 
11,  VEI-12,  MFK-20),  laminar  materials  (decorative  laminar  plastics), 
and  plastic  foam  (mlpor).  Pure  carbamide  resins  are  used  for  manufac¬ 
turing  cements  (KM-i,  KM-3,  KM12  and  MP-17).  Pressea  powders  and  flt- 
rous  materials  are  produced  by  mixing  a  resin  solution  or  aqueous  resin 
condensate  with  the  filler  and  then  drying  and  grinding  the  mixture.  An 
accelerator  (urotropln),  a  dye  (organic  or  mineral),  and  a  lubricant 
(zinc  stearate)  are  also  added  to  the  composite.  When  mineral  dyes  (lit- 
apon,  barium  sulfate,  etc.)  are  used  the  resultant  products  are  opaque. 
Laminar  plastic  Is  manufactured  by  impregnating  Gellulc..;e-3ulflte  paper 
with  aqueous  resiji  condensate  (MM-54-U)  and  then  drying  It  at  110-120°. 
Pressing  Is  carried  out  In  m.ultlstagc  .hydraulic  presses  at  l40-150°. 

The  inner  layers  of  the  plastic  ai'e  usually  paper,  cloth,  oc  veneer 
Impregnated  with  phenol-fonnaldehyde  resin;  the  outer,  decorative  layer 
Is  of  paper  Impregnated  with  a  carbamide  resin.  Articles  ure  fabricated 
from  pressed  powders  and  fibers  by  direct  pi'ess’ng.  The  p:'esslng  ten- 
perature  Is  140-150°  for  materials  based  on  urea-formaldehyde  resin 
and  150-160“  for  materials  based  on  melamine-formaldehyde  resin;  the 
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pressing  pressure  Is  2 to- 


icg/cr 


.j  p  r  p  r  - 


i‘er’3l 


(powder  or  fiber)  and  the  geor-etric  complexity  cf  rhc  product .  The 
holding  time  In  the  press-form  Is  approximately  1  -in  at  a  prf:)duct-wall 
thlcicneas  of  1  ran.  It  Is  recommended  that  the  prens-povder  be  briquet¬ 
ted  before  prepBlng.  Klpor  Is  produced  by  mixing  an  aqueous  emulsion  of 
urea-formaldehyde  resi-n  vflth  a  poor-forming  agent  and  consolidating  the 
mixture  In  molds  at  20-40“.  Carbamide  resins  are  colorless,  so  that 
materials  based  on  them  can  be  dyed  any  color.  Including  light  tints. 

Physical,  Mechanical,  and  Electrical  Characteris¬ 
tics  of  Amlnoplasts 
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l)  Properties;  2]  press-naterlal ;  3)  amlnoplast;  4)  melallte;  5)  mela- 
voloknlt;  6)  K-7b-!51,  MPK-20,  VEI-11;  7)  laminar  plastic;  8)  specific 
Impact^&trength  ( kg •  cm/cm^ ) ;  9)  ulti-mate  strength  on  static  bending 
(k^cm2);  10)  Brlnell  hardness  (kg/mm2);  thermostability  by  Mar¬ 
tens's  method  ('’C);  12)  water  absorption  {%);  IS)  specific  superficial 
resistance  (ohms);  14)  dielectric  strength  (kv/mn.):  15)  arc  .resistance 
(sec);  16}  no  less  than. 


Amlnoplasts  are  stable  when  exposed  to  light,  have  no  odor,  resist 
the  section  ci  weak  acids  and  a'kalles,  oils,  gasoline,  alcohol,  acetone, 
etc.,  arad  are  decompostu  by  concentrated  adds  and  alkalies.  Am' no- 
pissts  based  on  urea-formaldehy’de  resin  are  hygroscopic,  their  olstare 
content  varying  with  that  of  the  air,  a  phenome.oen  accompanied  by  h  - 
velopment  of  Internal  stresses  In  the  material.  These  plastlca  co  - 
quently  age  rapidly  when  the  air  temperature  and  humidity  often  v  r;/ 
over  a  wide  range;  this  Is  nvanlfesteO  In  the  appearance  of  a  n>  work  of 
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fine  cracka  and  in  yellowing  of  the  material.  When  urea-formaldehyde 
plastics  are  boiled  In  water  for  30  min  they  absorb  up  to  4^  of  the  wa¬ 
ter  and  release  formaldehyde.  Amlnoplasts  based  on  melamine-fonnalde- 
hyde  resin  are  water-stable,  are  unharmed  by  boiling  in  water,  and  have 
a  ’•  'gher  mechanical  strength,  dielectric  properties,  chemical  stability, 
and  thermostability  than  urea-formaldehyde  plastics.  Amlnoplasts,  es¬ 
pecially  those  based  on  melamine-formaldehyde  resin,  have  a  high  arc 
resistance  (when  exposed  to  an  electric  arc  they  release  nitrogen, 
which  extinguishes  the  arc).  Amlnoplasts  based  on  urea-formaldehyde  re¬ 
sin  are  used  to  fabricate  components  which  need  not  meet  rigorous  re¬ 
quirements  for  dielectric  properties  and  mechanical  strength  (switches, 
sockets,  telephone  housings,  etc.).  Decorative  laminar  plastic  is  wide¬ 
ly  employed  for  interior  trim  and  furniture;  mipor  is  one  of  the  best 
heat  and  sound  Insulators.  Amlnoplasts  based  on  melamine-formaldehyde 
resin  are  used  for  electrical  mining  equipment,  arc-extinction  chambers, 
and  other  apparatus,  as  well  as  for  articles  which  must  function  in  hot 
liquids  and  steam. 

A  new  production  method  has  been  proposed  for  increasing  the  qual¬ 
ity  and  speeding  up  the  manufacture  of  amlnoplasts;  this  technique  per¬ 
mits  continuous  production  of  amlnoplasts  at  temperatures  of  up  to  l60° 
and  rates  60-100  times  as  rapid  as  under  ordinary  conditions.  Amlno¬ 
plasts  manufactured  by  this  method  have  a  higher  water  resistance  and 
less  tendency  to  age. 

The  table  shows  the  physical,  mechanical,  and  electrical  charac¬ 
teristics  of  the  most  common  pressed  types  of  amlnoplasts. 

References ;  Barg,  M. ,  Tekhnologlya  slntetlchesklkh  plastlchesklkh 
mass  [Technology  of  Synthetic  Plastics],  Leningrad,  195^;  Oilmans  En- 
cyklopaedle  der  teclinlschen  Chemle, 


228 


I-64a 


ANDADBITE,  AlgSlO^  -  a  mineral  of  the  silicate  class;  It  Is  Iden¬ 
tical  In  composition  and  application  to  silllmanlte  and  kyanlte,  from 
which  it  differs  in  lattice  structure  and  certain  physical  properties. 
Andaluslte  often  contains  a  small  admixture  of  and  sometimes  as 

much  as  7%  MnO  (this  is  a  variety  of  andaluslte  known  as  vlridlne  or 
manganandaluslte).  This  mineral  can  be  gray,  yellow,  brown,  red,  or 
dark  green  (vlridlne)  in  color  and  may  in  rare  Instances  be  colorless. 
Andaluslte  is  usually  found  in  acicular  crystals.  It  does  not  decompose 
in  acids.  It  has  a  Mohs  hardness  of  7-7-5,  a  specific  gravity  of  3.I- 
3.2,  and  a  heat  capacity  of  0.77  cal/g.°C  at  0“  and  1.20  cal/g«‘’C  at 
1200  .  At  1325-1410“  andaluslte  is  converted  to  mulllte  and  silica 
glass,  but,  in  contrast  to  kyanlte  and  silllmanlte,  its  volume  remains 
unchanged.  This  mineral  is  employed  in  the  production  of  refractory 
ceramic  products;  clear,  finely  colored  andaluslte  is  ured  in  Jewelry. 

P.P.  Smolln 
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ANOI£  OP  TVTEST  -  plasticity  characteristic  of  niotalllc  wire,  which 
is  determined  by  performing  and  industrial  tost  in  torsion  and  which 
gives  an  idea  about  the  ability  of  the  metal  utvierro  plastic  defor¬ 
mation  in  constant  or  intermittent  torsion.  The  an;;T  of  iwlst  is  de¬ 
termined  over  a  computational  length,  which  Is  oGJal  'r  100  diameters 
of  the  wire  being  tested,  but  nit  less  than  50  an  i  m  s  liiore  than  500 
mm.  One  twist  is  defined  as  one  complete  (3^0'’)  tmn  ihe  rotating 
end  of  the  specimen  being  tested. 

In  torsion  tests  (OOSTs  3565-58,  1545-42)  rhi  t  r,,)  ..ngle  of  twist 
or  torsion  ajngle  is  defined  as  the  dlfferenc  in  r:  Imui  ‘  aneous  turning 
angle  of  two  cross  sections  at  the  computational  length  of  the  specimen 
under  test. 

References:  Shaposhnlkov,  N.A. ,  MekhanlchesklYo  Ispytanlya  metal- 
lov  [Mechanical  Testing  of  Metals],  2nd  edition,  Moscow-Lcnlngrad, 

1954. 

Yu.S.  Danilov. 
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ANID  —  a  synthetic  heterogenous-chain  fiber  obtained  by  polycon^ 
densatlon  of  the  salt  AO  (hexamethylene  diamine  and  adipic  acid  In  a 
ratio  of  1:1).  It  Is  produced  In  the  USSR  (as  an  ordinary  and  rein¬ 
forced  filamentous  thread),  in  the  United  States,  In  England  (under  the 
name  nylon  66),  and  In  other  nations.  Its  physical  and  mechanical  pro¬ 
perties  are  as  follows:  specific  gravity  of  fiber  -  l,l4j  moisture  con¬ 
tent  under  standard  conditions  —  3*4-3.85^,  at  20®  and  955^  relative  hu¬ 
midity  —  5*8-6.15^;  breaking  length  —  35-38  (65-70)  tan  (hencefojrth  the 
figures  In  parentheses  are  for  reinforced  thread);  loss  of  strength 
when  wet  -  7.8-13.5  (6,4-12. 2)j^,  when  skeined  -  1-1.1  (5. 6-12. 7)/^; 
short-term  tensile  strength  -  40-44  (74-79)  kg/mm  ;  maximum  elongation 
when  dry  -  23-32  (l4-l6)5^,  when  wet  —  26-34  (14-16)?^;  modulus  of  elas¬ 
ticity  —  230-320  (370-450)  kg/mm^;  modulus  of  torsion  —  4500-5400 
(7400-8200)  kg/cm^;  elasticity  during  extension  by  4^^  —  100  (100)$^, 
during  extension  by  lOJ^  —  98. 0-98. 5  (96-99)5^;  durability  (resistance 
to  repeated  bending  In  a  DP  apparatus  at  110  cycles  per  min  under  a 

p 

load  of  5  kg/mm  )  —  II-I5  thousand  (28-37  thousand)  bends;  wearability 
(number  of  cycles  under  a  load  of  30  g)  -  1-1.1  thousand  (3.7-4  thou¬ 
sand);  resistance  to  ultraviolet  Irradiation  (loss  of  strength  after 
Irradiation  for  20  hr)  -  23.7-32.2  (36.3-47*  9 )5^.  For  other  properties 
and  uses  of  anld  see  Nylon  66  and  Polyamide  fiber. 

References :  Demina,  N.V. ,  et  al. ,  iOiV,  i960.  No.  5. 

E.M.  Ayzenshteyn 


*'  *^''*i*i 'm  -w.- 


233 


ANIMAL  GLUE  —  Ip  the  product  of  the  treatment  of  dlvertf  materials 
of  animal  origin;  it  has  a  high  adhesive  property.  Depending  upon  the 
raw  material,  the  animal  glues  are  subdivided  into  glutin,  casein,  al¬ 
bumin  and  combined  glues, 

Bie  glut in  glues  are  subdivided  into:  hide  glues,  from  the  hypo¬ 
dermic  layer  of  the  animal  hide,  and  into  bone  and  fish  glue.  Olutin 
glues  form  stable  Joints  when  wood  is  glued,  but  they  have  a  low  resist¬ 
ance  to  water  and  rot  readily.  Dry  glutln  glue  is  supplied  in  form  of 
plates,  tablets,  lamellas  or  powder,  and  glue  with  a  water  content  of 
50-60^  is  available  as  Jelly,  The  bonding  strength  of  hide  glue  (GOST 
3252-46)  must  be  not  less  than  100  kg/cm  shearing  strength  for  the 
"extra,"  "highest"  and  "first"  grades.  Casein,  the  main  substance  of 
the  casein  glues,  is  obtained  from  skimmed  milk.  Waterproof  glues  are 
obtainable  by  treatment  of  casein  with  the  oxides  of  certain  heavy 
tals  and  alkaline  earth  metals.  Alkalis  and  sodium  salts  are  added  to 
casein  glues  in  order  to  prolong  its  working  life.  The  bonding  strength, 
the  waterproofness,  the  viscosity  and  other  properties  of  the  glues  de¬ 
pend  on  the  quantity  of  alkali,  lime  auid  water.  Casein  glues  are  sub¬ 
divided  into  glues  mixible  in  liquid  state,  and  in  powdered  glues.  The 
former  may  be  prepared  on  the  place  of  application.  The  casein  glue  is 
waterproof  and  possessee  a  high  bonding  strength  (not  less  than  130 
kg/cm  in  the  shearing  test);  its  working  life  is  5-7  hrs,  Powdered 
glues  are  composed  of  dry  components  and  are  prepared  in  special  shops 
by  mixing  the  powder  with  water.  Powdered  casein  glues  make  for  Joints 
of  a  higher  strength  than  the  glutln  glues,  but  their  water  resistance 
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is  limited,  and  they  are  easily  affected  by  fungi.  A..  ■M  i  glues  pro¬ 
vide  higher  water-resistant  Joints  than  the  casein  glues,  but  the  Joints 
swell  and  are  affected  by  microorganisms.  Combined  glues  are  composed 
from  albumin  and  casein  and  possess  a  higher  bonding  strength  than  al¬ 
bumin  and  casein  glues.  Animal  glues  ere  used  In  the  wood-working, 
paper  and  textile  Industries. 

References:  Berdlnskikh  I,  P. ,  Sklelvanlye  drevesiny  [The  Gluing  of 
Woodj,  Kiev,  1959;  Adgezlya,  klel,  tsementy,  prlpoi  [Adhesion,  Adhe¬ 
sives,  Cements  and  Solders],  translated  from  English,  Moscow,  195^* 

D.  A.  Kardashev 
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ANISOTROPIC  MATERIALS  —  materials  with  some  or  all  of  their  pro¬ 
perties  varying  in  different  directions.  They  usually  exhibit  aniso¬ 
tropy  with  respect  to  the  majority  of  their  physical  (mechanical,  opti¬ 
cal,  thermal,  magnetic,  etc.)  and  chemical  characteristics.  Anisotropic 
materials  may  be  monocrystals,  textured  polycrystalline  bodies,  fibrous 
and  foam  materials,  reinforced  concrete,  piastics  wit.,  laiuinar  fillciS 
(getinaks,  textollte,  stekloplast),  etc.  Amorphous  materials  also  be¬ 
come  anisotropic  In  directional  force  fields.  Liquids  are  anisotropic 
during  flow  and  when  they  contain  so-called  liquid  crystals,  v;hose 


Pig.  1.  Polar  diagram  of  anisotropy  of  strength  in  a  copper  monocrystal 
(after  Chokhral 'skly). 

molecules  are  oriented  relative  to  one  another  under  certain  conditions 
(paraoxyphenetcle,  .holesterol  benzoate,  etc.).  The  properties  of  an¬ 
isotropic  .".aterlals  are  characterized  as  a  function  of  geometric  di¬ 
rection  by  polar  diagrams  (Fig.  l)  or  by  the  vector  of  the  proi'erty  in 
question.  The  degree  of  anisotropy  is  determlnec  by  the  composition  and 
internal  structure  of  the  material.  Hetei-odesmlc  crystals  are  the  most 
anisotropic,  their  particles  having  different  types  of  chemical  bonds 
with  varying  energy  In  different  directions.  Such  materials  arc  often 
characterized  by  a  laminar  or  fibrous  (linear)  structure.  For  example, 
carbon  in  the  form  of  graph  heterodesmlc  laminar  crystal,  exhl- 
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bits  substantially  greater  anisotropy  than  diamond,  a  homoUesmlc  coval¬ 
ent  crystal.  Composite  materials  with  nonuniform  filling  In  different 
directions,  such  as  reinforced  concrete  beams,  laminar  plastics,  etc., 
are  highly  anisotropic. 

Utilization  of  anisotropy  makes  it  possible  to  reduce  the  consump¬ 
tion  of  materials  and  to  improve  structural  quality.  Thus,  for  example, 
transformers  with  cores  of  anisotropic  textured  steel  in  which  the  ex¬ 
ternal  magnetic  field  coincides  with  the  direction  of  greatest  magne- 
tlzabllity  In  the  material  are  approximately  20-40^6  better  than  trans- 
Xoimere  with  cores  mX  hot-i'oiied  steel.  Anisotropy  opens  up 

broad  possibilities  in  tool  making  and  automation. 

Mechanical  anisotropy  Is  manifested  in  the  dependence  of  elasticity 
constants,  strength  indices,  plasticity,  and  viscosity  on  the  direction 
in  which  parts  of  crystals  undergo  plastic  slip  along  selected  crystal¬ 
lographic  plaiies  and  the  directions  In  which  the  crystals  fracture 
along  certain  crystallographic  planes,  the  cleavage  planes.  A  clear  ex¬ 
ample  of  anisotropy  of  mechanical  properties  is  furnished  by  mica  and 
asbestos  crystals,  which  are  easily  split  intc  thin  sheets  and  fibers. 
Even  crystals  with  a  high  degr-ce  of  lattice  syrometry  exhibit  mazHced  an- 

Isotivapy  of  meciianical  pjcopertles.  Thus,  the  modulus  of  nonnal  elastJ- 

o 

city  of  iron  raonocrystals  at  room  temperature  varies  from  1350  kg/to 
for  direction  [100}  to  ?900  kg/%n^  for  direction  [lllj;  ccppai'  speci¬ 
mens  cut  parallel  to  the  dlagon.!!  of  the  lattice  unit  are  3  times  aa 
strong  as  specimens  cut  parallel  to  the  edge  of  the  cube  (35  and  12 
kg/lnm  ),  the  anisotropy  of  residual  deformation  being  still  greater. 
Utilization  of  mechanical  anisotropy  makes  it  possible  to  assemble 
lighter,  stronger  structures.  Anisotropic  fiberglass  with  •  50  kg/ 

/tm  both  along  and  across  the  sheet  tears  at  an  angle  of  43*  under  a 

2 

atreaa  of  22  kg/bm  .  Paper  la  1.5-2  tlmea  stronger  along  the  roll  than 
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across  It.  Three-layer,  three-mill Imeter  plywood  of  birch  veneer  has  a 
strength  of  no  less  than  7*5  kg/ftim^  along  the  fibers  of  the  outer  lay- 
ers  and  of  2,5  Icg/km  at  an  angle  of  45“.  Polymer  fibers  and  foams  are 
also  highly  anisotropic.  Production  technology  has  a  larre  Influence  on 
anisotropy.  Preliminarily  extended  (oriented)  polymer  materials  are  2-3 
times  as  strong  as  unorlented  materials.  Cast  alloys  (not  sub^ jcted  to 
controlled  crystallization)  usually  exhibit  little  anisotropy.  Aniso¬ 
tropy  of  mechanical  properties  Increases  with  the  degree  of  reduction 
(the  ratio  of  the  cross-sectional  area  of  the  oi’lglnal  workpiece  to 
that  of  the  drawn  billet;  Pig.  2).  This  Is  ecp  ^ially  clearly  r-  fleeted 
In  the  Impact  strength  aj^,  plasticity  6,  fp.  lgue  cti-ength  o^,  and 
fracture  resistance  the  coefficients  of  plastic-dcfonr.ation  resis¬ 
tance,  Og  and  a^,  vary  less  as  a  function  of  th^  direction  in  which  the 
specimen  is  cut.  Anisotropic  materials  are  often  quaint  Ltatlvely  charac¬ 
terized  by  the  coefficient  of  anisotropy  a,  which  Is  the  ratio  of  the 
properties  along  the  fibers  to  those  across  the  fibers.  It  rust  be  no¬ 
ted,  however,  that  the  lowest  values  are  not  always  obtained  in  the 
transverse  direction;  In  annealed  carbon  steel,  r.lckel  ferrite,  etc., 
the  lowest  values  are  observed  at  an  angle  of  60-70°  to  th'^  deforr.a- 
tlon  direction  (Fig.  2).  Anisotropy  of  strength  and  plasticity  In  me¬ 
tals  such  as  steel  is  associated  not  so  much  with  textural  deformation 
as  with  orientation  In  the  deformation  direction  of  nonr.etalllc  carbide, 
nitride,  sulfide,  etc.,  phases,  dislocation  networks,  adsorbed  gases, 
etc.  After  reduction  anisotropy  consequently  depends  to  a  large  extent 
on  the  chemical  ard,  especially,  the  phase  coinposltlon  (Fig.  3)-  Hano- 
geneous  alloys  are  less  anisotropic  then  heterogeneous  alloys  Alloys 
smelted  In  purer  form,  as  by  the  vacuum  method,  are  less  anisotropic  at 
a  given  reduction  than  those  produced  by  electrosmelt Ing.  Eleotrlc 
steel  la  less  anisotropic  than  open-.hearth  steel.  All  other  o  ndltlons 
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being  equal,  steels  exhibit  a  nonunifom  rise  In  anisotropy  as  their 
strength  Increases  (at  low  annealing  temperatures).  Rolled  billets  are 
more  anisotropic  than  pressed  billets.  Thus,  according  to  the  experi¬ 
ments  of  N.I.  Korneyev,  et  al.,  the  Impact  strength  of  longitudinal 
duralumin  samples  Is  Identical  to  that  of  pressed  specimens,  while  that 
of  transverse  rolled  specimens  is  only  a  bii^  more  than  naif  as  much. 
Liquation  intensifies  anisotropy  after  reduction.  The  anisotropy  of  de- 
formea  materials  Is  utll'jzed  by  designing  srructures  In  which  the  maxi¬ 
mum  tensile  stresses  coincide  with  the  direction  of  the  fibers. 


Pig.  2.  Influence  of  degree  of  reduction  and  liquation  on  anisotropy  of 
mechanical  properties  In  steel;  a)  f;  6;  c)  a.,;  1)  No  pronounced  liqua¬ 
tion  (electric  steel);  2)  the  same  (open-hearth  steel);  3)  marked 
liquation;  4)  very  marked  liquation  (after  Coupette).  A)  (transverse/ 
longitudinal)  •lOOjit;  B)  degree  of  reduction. 


Pig.  3.  Change  in  Impact  strength  of  ferrite  (0.03J<  C)  as  a  function 
of  cutting  direction;  1)  O.SjJ  Si;  2)  1.1^  Si:  3)  0.0955  S;  4)  C.095J 
S  +  l.ljt  Mn;  5)  3-^5%  Nl.  a)  Sj,,  kg-m/emS;  b)angle  to  forging  direc¬ 
tion,  degrees. 


Mlcroicechanlcal  testing  has  recently  become  quite  Important  in 


239 


I-67a4 

evaluating  anisotropic  materials. 

Optical  anisotropy  (OA)  is  manifested  In  birefringence,  optical 
activity,  l.e,,  rotation  of  the  plane  of  polarization,  dlchrolsm,  de¬ 
pendence  of  polarization  on  direction,  and  a  number  of  other  phenomena. 
It  can  be  natural  (crj'-stals)  or  artificial  (induced  by  mechanical  de¬ 
formation  or  magnetic  or  electric  fields).  Induced  optical  anisotropy 
may  persist,  as  in  tempered  glass,  or  may  disappear  when  the  inducing 
field  is  removed  (Kerr  effect).  Optically  anisotropic  materials  are 
used  as  light  polarizers  and  analyzers  of  the  Nlcol-prism  (Iceland  spar) 
and  Polaroid  (polylodldes,  quinine  sulfate,  ooly vinyl  alcohol)  types, 
as  light  modulators  in  Kerr  cells  (nitrobenzene,  o-nitrotoluol,  et  al.), 
and  for  pnotoelastlc  Investigations  of  the  stress  state  of  various 

I  structures  in  models  of  glass,  plastic,  etc.  Optical  anisotropy  is 

{ 

utilized  in  chemical  analysis  of  petroleum  products,  etc. 


Fig.  4.  Scalloping  formed  during  deep  drawing  of  textured  (anisotropic) 
sheet  metal  with  a  face-centered  cubic  lattice. 


( 


11 
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Fig.  5.  Deformation  of  cold-worked  uranium  samples  cut  in  rolling  di¬ 
rection  under  cyclic  thermal  stress:  a  -  before;  b  -  after  3000  cycles 
at  50-500°  (after  Chiswick  and  Kelman). 
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Thermal  anisotropy  le  manifested  In  the  direction  of  the  coeffi¬ 
cients  of  thermal  conductivity  and  thermal  expansion.  It  Is  especially 
pronounced  In  laminar  (e.g.,  graphite)  and  chain  (e.g, ,  tellurium) 
structures.  The  maximum  Increase  In  crystal  size  takes  place  In  the  di¬ 
rection  of  the  weakest  bonds.  A  slight  decrease  in  size  may  occur  In  the 
direction  perpendicular  to  this  In  the  aforementioned  substances. 

Anisotropy  of  electrical  conductivity  and  magnetic  properties  Is 
also  Important.  For  example,  PeClg,  CoClg,  and  other  metemagnetlo  com¬ 
pounds  are  ferromagnetic  In  some  directions  and  paramagnetic  In  othex^. 
The  natural  anisotropy  of  anisotropic  materials  can  be  utilized, -but  It 
Is  often  intensified  artificially  or  even  Induced  by  special  technolog¬ 
ical  processing.  For  example,  holding  a  ferroelectric  ceramic  In  an 
electric  field  Increases  the  piezoelectric  modulus  in  the  field  direc¬ 
tion  and  such  a  ceramic  can  be  used  as  a  piezoelement.  Thermomagnet ic 
treatment  of  magnico  and  supermalloy  greatly  Improves  their  magnetic 
characteristics  along  the  applied  field.  Anisotropy  sometimes  has  un¬ 
desirable  consequences  in  the  processing  and  exploitation  of  anisotro¬ 
pic  materials.  Thus,  deep  drawing  produces  4  scallops  on  the  upper  edge 
of  sheet  metal  with  a  cubic  lattice  and  6  scallops  on  that  of  sheets 
with  a  hexagonal  lattice  (Pig.  4).  Each  scallop  corresponds  to  a  direc¬ 
tion  in  which  the  deformation  resistance  Is  relatively  low.  Metals  with 
anisotropic  mechanical  and  thermal  properties  undergo  marked  defoima- 
tlon  during  cyclic  heat  transfer  (Pig.  5)* 

References;  Mes'kln,  V.S.,  Osnovy  leglrovanlya  stall  [Principles 
of  the  Alloying  of  Steel],  Moscow,  1959;  Fridman,  Ya.  B.  and  Ratner, 
S.I.,  ZL,  1945>  Vol.  9,  No.  2-3;  Coupette,  W. ,  Stahl  und  Elsen,  [Steel 
and  Iron],  1941,  Vol.  6l,  No.  45,  page  1013,  No.  46,  page  IO36. 

Sh.Ya.  Korovskly,  Ya.B.  Fridman,  and  N.I.  Korneyev 
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ANMEALINO  OP  STEEL  -  heat  treatment  employed  to  soften  steel  and 
facilitate  machining  for  plastic  deformation,  as  preparation  for  fur¬ 
ther  heat  treatment,  and  to  produce  given  mechanical  characteristics. 
Annealing  can  be  classified  as  high  (or  complete),  incomplete,  low, 
complete  Isothermal,  or  Incomplete  isothermal  (see  Figure).  High  (or 
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Figure.  Graphs  of  high  annealing,  complete  Isothermal  annealing  involv¬ 
ing  heating  to  above  the  critical  point  Ac^,  Incomplete  annealing,  and 

Incomplete  Isothermal  annealing  Involving  heating  to  above  the  critical 
point  Ac^.  a,  b)  Curves  showing  completion  of  austenite  decomposition 

when  steel  is  heated  to  temperatures  above  the  critical  points  Ac^  and 

kG^  respectively;  l)  high  annealing;  2)  complete  isothermal  annealing; 

3)  Incomplete  annealing;  4)  Incomplete  isothermal  annealing.  A)  Temper¬ 
ature,  °C;  B)  Ig  time. 


complete)  annealing  consists  in  heating  the  steel  to  a  temperature  30- 
50°  above  its  upper  critical  point  Ac^  and  then  slowly  cooling  it.  In¬ 
complete  annealing  Involves  heating  to  somewhat  above  the  lower  criti¬ 
cal  point  Ac^  and  subsequent  slow  cooling.  Low  annealing  (high  temper¬ 
ing)  consists  in  heating  to  slightly  below  the  lower  critical  point 
Acj^,  more  or  less  prolonged  holding  at  this  temperature,  and  subseQuerjt 
cooling,  usually  in  air.  Isothermal  annealing  differs  from  high  and  In- 
ccanplete  annealing  in  the  fact  that,  after  preliminary  heating  to  a 
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temperature  above  Ac^  or  Ac^^,  the  component  or  semifinished  product  is 
held  for  a  definite  time  during  cooling  at  a  temperature  s(^ewhat  above 
the  lowest  austenite -stability  temperature  (approximately  100°  below 
Ac^)  and  then  cooled  in  air.  The  complete  recrystallization  necessary 
to  correct  the  structure  of  overheated  steel  takes  place  only  during 
complete  (or  complete  isothermal)  annealing;  incomplete  annealing  re¬ 
sults  in  only  partial  recrystallization,  while  low  annealing  produces 
no  recrystallization  at  all.  Cold-worked  structural  steel  usually  re- 
crystallizes  during  all  types  of  annealing,  provided  that  the  appropri¬ 
ate  holding  time  is  employed.  The  cooling  rate  during  complete  and  in¬ 
complete  annealing  and  the  holding  time  during  isothermal  annealing 
should  ensure  decomposition  of  the  austenite  in  the  perlltlc-transfor- 
matlon  zone.  The  higher  the  transformation  temperature,  the  lower  is 
the  hardness  of  the  steel.  A  reduction  in  the  heating  temperature  dur¬ 
ing  Incomplete  or  Incomplete  Isothermal  annealing  of  alloy  steel  leads 
to  a  lower  austenite  stability  in  the  perl it Ic -transformation  zone  than 
complete  annealing  and  consequently  accelerates  the  annealing  process. 
An  Increase  in  the  degree  of  alloying  increases  the  stability  of  the 
austenite  and  thus  necessitates  use  of  slower  cooling  rates  or  prolong¬ 
ation  of  the  holding  time  during  isothermal  annealing.  When  the  steel 
is  highly  alloyed  the  stability  of  the  austenite  is  so  greatly  enhanced 
that  all  forms  of  annealing  involving  heating  to  above  the  critical 
point  or  Ac^  become  unsuitable;  low  annealing  of  sufficient  dura¬ 
tion  is  employed  in  this  case.  The  hardness  of  the  steel  decreases  as 
the  low-annealing  te^oerature  is  raised,  although  the  hardness  of  high- 
alloy  steel  may  rise  sharply  if  the  critical  point  Ac^^  is  accidentally 
reached.  High  or  complete  isothermal  annealing,  which  ensures  a  stV^* 
ture  consisting  of  laminar  perlite  and  ferrite,  is  generally  utilized 
to  improve  the  machinablllty  of  low-alloy  steel  containing  less  than 
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0,5j^  carbon.  Incomplete  or  Incomplete  Isothermal  annealing  Is  employed 
Instead  of  high  annealing  to  accelerate  the  premachlnlng  heat  treatment 
of  medium-carbon  alloy  steel.  High-carbon  steel  has  optimum  machlnabll- 
Ity  when  It  has  a  granular -perlite  structure,  which  Is  obtained  by  In¬ 
complete  annealing  Involving  heating  to  somewhat  above  the  critical 
point  and  subsequent  slow  cooling.  Such  annealing  Is  sometimes 
called  spheroldlzatlon.  In  order  to  produce  the  maximum  quantity  of 
granular  perlite  high-carbon  steel  is  occasionally  subjected  to  swing 
or  cyclic  annealing,  which  consists  In  repeated  heating  to  and  cooling 
*roro  a  temperature  near  Ac^.  In  some  cases,  high-carbon  steel  Is  low- 
annealed  to  Increase  Its  machlnablllty.  In  order  to  Improve  Its  plastic 
deformation  steel  Is  subjected  to  low  or  Incomplete  annealing  In  order 
to  obtain  a  granular -perlite  structure.  Low  or  Incomplete  annealing  is 
generally  employed  for  cold-worked  steel.  Complex  cooling  cycles  are 
often  used  to  ensure  maximum  softening  of  hlgh-alloy  structural  steel: 
the  steel  Is  heated  to  a  temperature  above  Ac^^  but  below  Ac^,  cooled  to 
a  temperature  below  the  minimum  austenlte-stablllty  point  (450-550°), 
reheated  to  somewhat  above  the  minimum  austenlte-stablllty  point  (650- 
670°),  and  held  at  this  temperature  until  the  austenite  has  completely 
decomposed;  It  Is  then  recooled  to  450-550°  In  order  to  reduce  austen¬ 
ite  stability  at  600-670°.  Slow  cooling  over  the  temperature  range  65O- 
450°  causes  temper  brittleness  In  many  alloy  steels,  which  leads  to  a 
decrease  In  viscosity.  This  brittleness  can  be  completely  eliminated  by 
subsequent  quenching  of  the  steel.  In  order  to  avoid  Temper  brittleness 
of  steel  during  annealing  further  cooling  In  air  after  the  austenite 
transformation  has  been  canpleted  Is  recommended. 

References:  Oulyayev,  A.P.,  Terrolcheskaya  obrabotka  stall  [Heat 
Treatment  of  Steel],  2nd  Edition,  Moscow,  i960. 

Ya.M.  Potak 
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ANODIZING  OF  ALUMINUM  ALLOYS  (anodic  oxidation,  anodic  polariza¬ 
tion)  -  an  electrochemical  process  for  obtaining  a  protective  film 
(usually  of  aluminum  oxide)  on  the  surface  of  aluminum  alloys.  In  anod¬ 
izing  the  component  Is  immersed  In  an  electrolyte  and  connected  to  the 
positive  pole  of  a  current  source  (anode).  When  current  Is  pacsed  to 
the  anode  active  oxygen  Is  released,  reacting  with  the  aluminuni  to  form 
an  oxide  film  on  Its  surface.  In  contrast  to  galvonlc  metallic  coatings. 


Durability  curves  for  specimens  of  AMg  alloy  6.5  mm  In  diameter  bend- 
tested  at  a  rotation  speed  of  1010  rpm  for  150»10o  cycles:  l)  As-de¬ 
livered,  after  rolling;  2)  sulfuric  acid  anodizing  at  20"  with  a  bi¬ 
chromate-film  filler;  3)  heavy  anodizing  In  a  205^  HpSO^  electrolyte, 
without  subsequent  polishing;  4)  the  same,  pollshedf  a)  Durability  a, 
kg/mm^;  b)  number  of  cycles. 


an  anodic  coating  Is  deposited  not  on  the  outer  surface  of  the  compon¬ 
ent,  but  beneath  the  previously  formed  oxide  film,  l.e.,  at  the  bound¬ 
ary  between  the  aluminum  and  the  oxide  film.  In  addition  to  Increasing 
corrosion  resistance  and  the  adhesion  of  subsequent  coats  of  lacquer, 
anodizing  imparts  hardness,  wearability,  and  electrical  and  thermal  In¬ 
sulating  properties  to  the  surface  layer  of  the  metal,  while  subsequent 
treatment  In  dye  solutions  gives  it  the  requisite  color.  Anodizing  can 
be  employed  for  checking  the  quality  of  aluminum-alloy  components,  for 
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protecting  aluminum  mirrors  against  tarnishing,  and  for  ensuring  good 
adhesion  of  galvonlc  coatings  to  the  surface  of  the  component.  Depend¬ 
ing  on  the  requirements  which  It  must  meet,  the  component  Is  subjected 
to  various  types  of  preanodlzlng  surface  treatment,  prime  among  which 
are  degreasing,  pickling,  and  mechanical,  chemical,  and  electrochemical 
polishing.  Only  a  few  electrolytes  are  of  commercial  significance  (Ta¬ 
ble  l).  Anodizing  Intended  to  provide  corrosion  protection  Is  usually 
carried  out  In  sulfuric  or  chromic  acid. 

The  sulfurlc-acld  process  Is  used  for  surface-treating  aluminum 
components  and  plated  and  unplated  deformed  and  cast  al’umlnum  alloys 
with  a  porosity  of  no  more  than  3  points.  When  a  current  of  40-45 
amp«mln/dm  Is  passed  through  aluminum,  deformed  low-alloy  aluminum  al¬ 
loys  (AMgl,  AMg2,  AMg3,  AD31,  AD33»  etc.),  or  plated  aluminum  alloys  a 
film  approximately  10  ix  thick  is  formed;  a  film  approximately  5  M-  thick 
la  deposited  on  cast  aud  unplated  high-alloy  deformed  alloys.  It  is 
possible  to  obtain  films  of  different  thicknesses  by  varying  the  ap¬ 
plied  current.  A  film  thickness  of  20-25  U  is  best  for  components  which 
will  not  be  given  lacquer  coatings,  bein)-  intended  for  use  In  the  open 
air  (structural  elements  —  window-frames,  doors,  trim),  while  a  thick¬ 
ness  of  15  M-  Is  best  for  components  of  this  type  which  will  be  used  In 
dry,  heated  rooms.  A  thickness  of  10  p.  Is  recommended  for  articles 
(e.g.,  the  skin  of  aircraft,  machine  co"’ponents,  etc.)  which  will  be 
lacquered  and  used  In  the  open  air  and  a  thickness  of  5  u  for  articles 
of  this  type  which  will  be  used  In  heated  rooms.  In  order  to  Increase 
Its  corrosion  resistance  the  anodic  film  Is  shrunk  In  hot  5^  potassium 
dlchromate  or,  if  a  colorless  film  Is  desired,  in  hot  water.  Anodic 
films  on  components  fabricated  from  deformed  hlgh-alloy  and  cast  alloys 
should  be  shrunk  only  In  potassium  dlchromate.  Lacquering  substantially 
Improves  the  protective  properties  of  the  anodic  film. 
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TABLE  1 

Electrolytes  and  Regimes  Used  In  Anodizing 
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1)  ^odlzing;  2)  electrolyte:  3)  composition;  4)  concentration  (g/11- 
anodizing  regime;  6)  current  density  (ainp/dm2);  7)  voltage 
(vl;  8)  temperature  f^^C);  9)  holding  time  (mlnj;  10)  film  thickness 
(n);  11)  purpose;  12)  sulfurlc-acld;  n)  heavy;  14)  ordinary  chromlc- 
acld;  15)  accelerated  chromlc-acld;  I6)  oxallc-acld;  17)  phosphoric- 
acid;  18)  borlc-acld;  19)  corrosion  protection,  decorative  finish,  un¬ 
derlayer  for  lacqu'jrlng;  20)  wear  and  corrosion  protection,  production 
of  thermal  and  electrical  Insulating  coatings;  21)  corrosion  protection 
for  polished  and  precisely  dimensioned  components,  detection  of  defects 
In  metal;  22)  corrosion  protection,  underlayer  for  lacquering;  23)  de¬ 
corative  finish,  corrosion  protection,  underlayer  for  lacquering;  24) 
Improvement  of  ga 1 von Ic- coating  adhesion;  25)  Insulating  coatings  of 
capacitors,  tarnish  protection  for  aluminum  mlri^jrs. 


The  chromlc-acld  process,  which  Is  moi^  expensive  and  moz»e  complex. 
Is  carried  out  In  3,  5,  and  105<  solutions  of  CrO^  and  Is  intended  prin¬ 
cipally  for  corrosion  protection  of  components  with  low  dimensional 
tolerances  or  polished  surfaces  (in  3Jl  CrO^  surface  cleanness  Is  not 
altered  by  more  than  +  0. 05  u  and  size  Is  not  changed  by  more  than  +2  u) 


and  components  fabricated  from  cast  alloys  with  a  porosity  of  more  than 
3  points  (5  and  10^  CrO^).  This  anodizing  method  is  not  recommended  for 
alloys  containing  more  than  copper.  Films  up  to  10  p  thick  can  be 
obtained  on  pure  aluminum  and  films  2-3  p  thick  can  be  deposited  on  al¬ 
loys.  A  chromlc-acld  film  Is  softer  and  more  elastic  than  a  sulfurlc- 
acld  film  and  causes  no  decrease  in  fatigue  strength;  the  resultant 
corrosion  resistance  Is  somewhat  higher  than  for  a  sulfuric-acld  film 
of  equal  thickness.  Films  produced  by  this  technique  require  no  filler. 
Chromlc-acld  anodizing  permits  detection  of  defects  (cracks,  pores, 
etc. )  In  the  metal. 

Heavy  anodizing  In  sulfuric  acid  Is  carried  out  at  low  electrolyte 
temperatures  (from  0"  to  —10")  In  order  to  obtain  heat-lnsulatlng  lay¬ 
ers  (for  the  piston  bottoms  of  Intemal-combustlon  engines,  etc.)  and 
electrical  Insulation  coatings  (usually  with  an  additional  coating  of 
an  Insulating  varnish).  It  Is  Intended  for  components  which  will  be 
subject  to  friction  and  erosive  factors.  When  the  component  Is  Inter¬ 
nally  cooled  the  hardest,  thickest  (up  to  200  p)  films  are  obtained  on 
pure  aluminum  and  Its  homogeneous  alloys  (AMg,  AV,  etc.).  Alloys  con¬ 
taining  silicon  (AL2,  AL4,  AL9)  or  small  quantities  of  copper  (type 
V95,  etc.)  are  easily  anodized,  while  those  containing  more  than  4.55^ 
copper  (Dl6,  Dl,  D20,  etc.  )  are  more  difficult  to  anodize.  The  recom¬ 
mended  film  thicknesses  are  50-60  p  (before  honing)  for  components 
which  will  be  subject  to  friction  and  erosive  factors,  100  p  for  hieat- 
Insulatlng  coatings,  and  20-40  p  or  more  (depending  on  the  desired  re¬ 
sistance)  for  electrical  Insulating  coatings.  Heavy  anodizing  Increases 
the  size  of  the  component  by  approximately  half  the  thickness  of  the 
deposited  film.  The  mlcrohardness  of  the  film  Is  approximately  250-500 

p 

kgAan  .  Heavy  anodizing  reduces  the  cleanness  of  surface  treatment  from 
class  9  to  class  5  or  even  class  4.  In  ordei-  to  improve  surface  clean- 
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ness  the  film  is  honed  and  polished  mechanically.  The  reduction  in  fa¬ 
tigue  strength  depends  on  the  anodizing  method,  the  thickness  of  the 
film,  and  the  type  of  alloy.  Thus,  for  example,  heavy  anodizing  reduces 
the  fatigue  strength  of  AL4  alloy  (80  p.)  by  12^,  of  ANg  alloy  (170  M-) 
by  45J<,  and  of  AK6  alloy  (100  p)  by  33^. 


TABI£  2 

Formulas  and  Regimes  for  Staining  of  Anodic  Films 
with  Organic  Dyes 
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1^  Dye  (for  aluminum):  2)  TU  or  GOST;  3)  concentration  (g/llter)-  4) 
holding  time  (min);  5)  temperature  (‘c);  6)  light-fastness  (oolnts); 

7)  yellow;  8)  orange;  9)  blcod  red;  lo)  claret;  11)  ruby:  12)  violet: 
13)  turquoise;  l4)  blue;  15)  deep  blue:  I6)  green  Zh;  17)  green  S;  I8) 
i«Kn:  19)  black;  20)  gold  fnUed);  2l)  GOST;  22)  TU  U;  23)  VTU  U; 

24)  VTU  GAP-U;  25)  TU  MKhP. 


The  oxalic— acid  process  Is  employed  principally  to  produce  elec¬ 
trical  Insulating  coatings  (followed  by  treatment  with  electrical  in¬ 
sulating  varnishes). 

Decorative  (chromatic)  anodizing  colors  the  component.  Before 
anodizing  the  component  Is  subjected  to  mechanical,  electrochemical, 
or  chemical  polishirg.  The  higher  the  purity  of  the  aluminum,  the  bet¬ 
ter  are  Its  decorative  propertle3.  It  is  recommended  that  components 
with  8  mirror  finish  be  fabricated  from  alumlnian  of  no  lees  than  type 
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AOO.  A  somewhat  less  Intense  luster  can  be  obtained  with  aluminum  of 
types  AO  and  A1  and  ANg  and  AD31  alloys.  The  clear,  colorless  films 
needed  for  staining  are  formed  by  anodizing  In  a  sulfurlc-acld  electro¬ 
lyte.  The  film  thickness  should  be  5-8  p,  for  light  hues  and  10-15  M-  for 
dark  hues.  Such  films  are  porous  In  structure  and  can  be  stained 
(filled)  by  a  dye.  Anodizing  In  oxallc-acld  and  chromlc-acld  electro¬ 
lytes  produces  opaque  films.  Enamel-llke  films  are  formed  In  electro¬ 
lytes  containing  salts  of  Tl,  Zr,  and  Th.  The  films  are  stained  with 
organic  dyes  (which  cover  a  broad  range  of  bright  hues,  but  are  not 
sufficiently  light-fast  or  thermostable;  Table  2)  or  inorganic  pigments 
(which  cover  a  small  range  of  dull  hues,  but  are  light- fast  and  thermo¬ 
stable). 

Light  anodizing  Is  used  to  produce  thin  nonporous  (barrier)  films 
of  high  resistance  and  Is  employed  In  the  manufacture  of  electrical 
capacitors  and  rectifiers  and  for  protecting  aluminum  mirrors  against 
tarnishing.  Anodizing  Intended  to  Improve  the  adhesion  of  galvonlc 
coatings  is  usually  carried  out  In  phosphoric  acid. 

References ;  Shreyder,  A.V. ,  Oksldlrovanlye  alyumlnlya  1  yego  spla- 
vov  [Oxidation  of  Aluminum  and  Its  Alloys],  Moscow,  196O;  Golubev,  A. I. 
Anodnoye  oklslenlye  alyumlnlyevykh  splavov  (Anodic  Oxidation  of  Alumi¬ 
num  Alloys),  Mow,  iy6l;  Vernik,  S.,  Pinner,  R. ,  Khlmlcheskaya  1  elek- 
trolltlcheskaya  obrabotka  alyumlnlya  1  yego  splavov  [Chemical  and  Elec- 
tx^^lytlc  Treatment  of  Aluminum,  and  Its  Alloys],  Leningrad,  I96O. 
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ANODIZING  OP  MAfflIESIUM  ALLOYS  —  an  electrochemical  proceas  for 
obtaining  a  protective  film  on  the  surface  of  magnesium  alloys.  Such 
anodizing  Is  usually  carried  out  In  alkaline  or  acid  electrolytes, 
using  direct  or  alternating  current.  The  metal  to  be  protected  serves 
as  the  anode.  The  films  produced  by  anodizing  serve  principally  to  pro- 


TABLE  1 

Anodizing  Methods  (alternating  current) 
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^Magnesium  alloys  can  also  be  anodized  with  di¬ 
rect  current  by  this  method. 

1)  Electrolyte;  2)  composition;  3)  quantity;  4)  current  density  (amp/ 
/dm^;  voltage  at  bath  electrodes  (v);  6)  electrolyte  temperature 
(“C);  7j  process  time  (min);  6)  coating  color;  9)  coaling  thickness 
(p);  lO)  method  No.  1;  11)  ootasslum  hydroxide;  12)  aluminum  hydroxide; 
13)  sodium  vTlphosphatc:  14)  potassium  fluoride;  I5)  potassium  perman¬ 
ganate;  16)  g/llter;  1?)  up  to;  I8)  brown:  19)  chromic  acid;  20)  hydi*o- 
fluoric  acid  (50^);  2l)  phosphoric  acid  (o5%) ;  22)  ammonia;  23)  ml/ll- 
ter;  24)  green;  25)  ammonium  dlfluorlde;  26)  sodium  dlchromate:  27) 
phosphoric  acid  (855?);  28)  Initial;  29)  depending  on  alloy;  30)  frcwn 
light  green  to  dark  green. 
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TABLE  2 


Certain  Physical  and  Chemical  Properties 
of  an  Anodic  Film  Obtained  by  Method  No. 
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l)  Typical  chemical  composition;  2)  specific  gravity  (g/cm^);  3)  ttiick- 
nesB  (|i);  4)  ratio  of  pore  volume  to  film  volur’c;  3)  thermostability 
(“C)j  6)  adhesion  to  lacquer  coating  (points);  7)  before  moistening:  8) 
after  moistening;  9)  mlorohardness  (kg/mm^);  JO)  complex  compound  con¬ 
taining. 


tect  magnesium  alloys  against  corrosion.  Table  1  shows  new  methods  for 
the  ancdlzlng  of  magnesium  alloys,  while  Table  2  shows  certain  physical 
and  chemical  properties  of  an  anodic  film.  The  compositicn  and  proper¬ 
ties  of  anodic  films  are  determined  by  the  character  and  ratio  of  the 
components  of  the  electrolyte,  the  process  regime,  and  the  elements 
present  in  the  alloy.  Films  consisting  primarily  of  magnesiun*  hydroxide 
are  formed  in  alkaline  electrolytes.  The  films  obtained  in  acid  elec¬ 
trolytes  usually  consist  of  insoluble  phosphates,  chromates,  and  fluor¬ 
ine  compounds.  Anodizing  can  be  used  to  produce  high-quality  films  up 
to  60  |i  thick.  Anodic  films,  especially  those  obtained  by  the  new  meth¬ 
ods  (see  Table  1),  have  material  advantages  over  chemical  films  (see 
Oxidation  of  magnesium  alloys):  they  have  better  protective  properties, 
greater  hardness,  and  better  wearability.  Some  anodic  films  are  thermo¬ 
stable.  Inorganic  and  organic  fillers  materially  Improve  the  protective 
properties  of  such  films.  The  principal  drawbacks  of  this  process  are 
the  fact  that  it  is  impossible  to  anodize  assembled  units,  the  complex¬ 
ity  of  the  process,  and  the  low  elasticity  of  the  film.  Anodic  films 
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are  employed  for  corrosion  protection  when  high  hardness  and  thermo¬ 
stability  are  required  In  addition  to  protective  properties. 

References ;  Timonova,  M.A. ,  Yershova,  T.I.,  In  collection:  Korro- 
zlya  1  zashchlta  metallov  [Corrosion  and  Protection  of  Metals],  Moscow, 
1962,  pages  166-179;  Andreyeva,  M.A. ,  Rozov,  M.N.,  Tr.  Vses.  alyumlni- 
yevo-magnlyevogo  Institute  [Transactions  of  the  All-Union  Aluminum- 
Magnesium  Institute],  i960,  No.  44,  pages  228-247;  Kennedy,  A. J. ,  and 
Sollars,  A.  R. ,  Aircraft  Engng,  i960,  Vol.  32,  No.  371;  McNeill,  W. , 
Wick,  R. ,  J.  Electrochem.  Soc. ,  1957»  Vol.  104,  No.  6;  Barbian,  H.A. , 
Mater,  and  Methods,  1954,  Vol.  39 >  No.  1;  Light  Metal  Age,  1954,  Vol. 
12,  No.  3-4,  pages  12-13. 

M.A.  Timonova 
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ANODXZINQ  OP  TITANIUM  ALLOYS  -  an  electrochemical  process  for  ob¬ 
taining  a  protective  film  on  the  surface  of  titanium  alloys.  This  pro¬ 
cess  is  usually  carried  out  In  alkaline  or  acid  electrolytes  (HgSO^, 

O 

CrO^/  KOH,  etc.)  at  a  current  density  of  0.5-1. 5  amp/dm  and  vol¬ 
tages  Increasing  from  10-15  to  80-100  v.  The  anodic  film  thus  formed 
apparently  consists  of  anatase  and  varies  In  thickness  from  a  fraction 
of  a  micron  to  2.5  \i,  depending  on  the  type  of  electrolyte  and  the 
anodizing  time  and  temperature.  The  thickest,  densest  films  are  ob- 
talned  In  iSj^  HgSO^^  at  a  current  density  of  0.5  amp/dm  ,  a  temperature 
of  80“,  and  a  process  time  of  2-8  hr.  The  anodic  films  have  good  pro¬ 
tective  properties  In  HgSO^^,  HCl,  and  other  media.  Anodizing  can  be  em¬ 
ployed  to  Improve  the  antifriction  properties  of  titanium  alloys  only 
in  conjunction  with  preliminary  water-sand  blasting  of  the  friction 
surface  and  subsequent  application  of  a  varnish  based  on  BF-2  glue, 
etc.  When  there  Is  a  continuous  supply  of  lubricant  such  processing 
furnishes  a  coefficient  of  friction  of  0.06-0.07  at  a  speed  of  0.4  m/ 
/sec  under  loads  of  no  more  than  40  kg/cm  . 

References :  Rlchaund,  H. , "Metal  Finish,"  1957>  Vol.  3,  No.  25> 


page  10. 
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ANTEGMIT  _  a  chemically  stable  anticorrosion,  antifriction  (self- 
lubricating),  heat-conducting  material  produced  as  a  press-powder  based 


on  phenolic  resin  and  graphitlzed  material.  Three  types  of  antegmlt  are 
manufactured  (see  Table).  Small-size  products  fabricated  from  ATM-1  are 
pressed  in  the  same  manner  as  phenol-formaldehyde  powders,  while  large- 
size  products  are  formed  in  open  molds  with  a  vibration  compactor.  In 
order  to  Increase  their  chemical  resistance  and  thermostability  the 
finished  products  are  heat-treated,  which  leaves  their  configuration 


Physical  and  Mechanical  Properties  of  Antegmlt 
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1)  Index;  2)  type;  3)  TATEM-0;  4)  ATM-IG  (TATH^-G);  5)  specific  grav¬ 
ity;  6)  ultimate  strength  (kg/cm2|;7)  under  tension;  8)  under  static 
bending;  9)  under  compression;  10)  Impact  strength  (kgacm/cm2);  11) 
Martens'  thermostability  (“C);  12)  in  air;  13)  in  inert  gas;  l4)  ther¬ 
mostability:  15)  thermal  conductivity  (kcal/m.hr» “C) ;  l6j  heat  capacity 
(kcalAg*“c);  17)  coefficient  of  linear  expansion;  lo)  specific  elec¬ 
trical  resistance  (ohms -cm);  19)  permeability  to  air  of  5-nim  thickness; 
20)  coefficient  of  friction  without  lubricant;  21)  machlnablllty;  22) 
response  to  all  temperature  fluctuations  within  thermostable  range;  23) 
impermeable;  24)  up  to;  25)  atm;  26)  easily  cut. 
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and  impermeability  unchanged,  but  reduces  their  mechanical  strength. 

Dissolved  ATM-1  in  any  concentration  is  stable  in  solutions  of 
almost  all  acids,  ammonia,  and  metal  salts  at  temperatures  up  to  and 
including  the  boiling  point;  it  is  also  stable  In  amyl.  Isopropyl,  and 
methyl  alcohol,  gasline,  dlchloroethane,  chlorobenzene,  sulfuric  acid 
(75^  to  120*),  hydrogen  chloride  (to  I05®),  and  sulfuric  anhydride 
(to  120*).  At  20®  it  is  stable  in  nitric  acid,  10^  mercuric  nitrate, 
copper  sulfate,  potassium  persulfate,  and  acetone.  It  Is  unstable  in 
alkalies,  media  containing  active  bromine,  chlorine,  or  fluorine,  and 
strong  oxidizing  agents.  AlM-10  and  AIM-IO  are  stable  in  the  same  media 
as  A39I-1,  although  ATM-10  is  more  resistant  to  oxidizing  agents  and  me¬ 
dia  containing  active  chlorine.  Qraphitlzed  material  containing  a  phe¬ 
nol-formaldehyde  binder  modified  by  polyvinyl  chloride  is  alkali-stable. 
Antegmit  la  easily  cut,  but  sharp  projections  must  be  avoided;  external 
and  internal  threads  (large  threads)  should  have  rounded  crests  and 
spacings.  Antegmit  must  be  cut  in  shallow  passes  with  a  hard-alloy  tool. 
It  is  best  to  assemble  the  finished  product  with  cold-setting  cement 
(arzamlte-4  or  arzainlte-5).  Antegmit  is  used  for  manufacturing  lined 
reaction  apparatus,  tubes,  fittings,  electrolytic  baths,  shielded-tube 
heat  exchanges,  sprinkling  and  combined  sulfuric-acid  conaensei’s  with 
counterflow  tubes  and  of  the  "tube  within  a  tube"  type,  the  bearings  of 
worm  conveyors,  the  bearings  of  roller  conveyors  for  furnaces,  the  pre¬ 
cipitating  electrodes  of  electric  filters,  bubblers,  etc.  Equipment 
fabricated  from  antegmit  is  cheaper  than  that  manufactured  from  lead, 
while  enameled  antegmit  is  cheaper  than  Paolite. 

References ;  Sagalayev,  O.V. ,  Antegmit  1  yego  prlmenenlye  [Anteg¬ 
mit  and  Its  Applications],  Moscow,  1959* 
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ANTICORROSION  COATINGS.  In  addition  tc  protecting  metals  and  al¬ 
loys  against  corrosion,  these  coatings  serve  a  number  of  other  func¬ 
tions  (increasing  hardness  and  wear  resistance,  imparting  the  desired 
decorative  qualities  and  color  to  manufactured  products,  improving  the 
flow-by  characteristics  of  aircraft  components,  etc.).  We  may  distin¬ 
guish  metallic  and  nonmetalllc  anticorrosion  coatings;  one  latter  cate¬ 
gory  also  Includes  protective  films-  Metallic  anticorrosion  coatings 
can  be  divided  into  anodic  and  cathodic.  In  a  given  medium  the  electro¬ 
chemical  potential  of  anodic  coatings  is  more  negative  than  that  of  the 
metal  to  be  protected.  Anodic  .oatlngs  consequently  prevent  corrosion 
both  mechanically  and  electrochemically;  when  the  coating  is  damaged 
only  the  coating  Itself  and  not  the  metal  is  destroyed.  Zinc  and  cad¬ 
mium  are  typical  anodic  coatings  for  steel  (Pig.  l).  The  potential  ra¬ 
tio  is  reversed  for  cathodic  coatings,  which  cannot  furnish  electro¬ 
chemical  protection;  when  a  cathodic  coating  is  damaged  the  medium 
(electrolyte)  destroys  the  exposed  areas  of  the  base  metal  (Pig.  2). 

Use  of  cathodic  coatings  is  Justified  by  their  high  chemical  resistance, 
hardness,  and  good  decorative  qualities.  Chromium,  copper,  nickel,  and 
tin  are  used  as  cathodic  coatings  for  steel.  Coatings  of  this  type  are 
rarely  employed  for  aluminum  and  magnesium  alloys. 

Before  application  of  any  coating  the  surface  of  the  component  is 
carefully  cleaned  by  mechanical  or  physicochemical  means;  sand  blasting, 
grinding,  polishing,  brushing  (scratch-brushing),  pickling  in  acids, 
machine  washing,  and  degreasing  with  alkalies  and  organic  solvents. 
Electromechanlcally  excited  ultrasound  has  recently  come  into  use  for 
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Pig.  1.  Anodic  coating  (corrosion  diagram):  A)  Anode;  K)  cathode,  l) 
CoxTOslve  medium;  2)  corrosion  products;  3)  zinc;  4)  steel. 


Pig.  2.  Cathodic  coating  (corrosion  diagram):  A)  Anode;  K)  cathode,  l) 
Corrosive  medium;  2)  corrosion  products;  3)  chromium;  4)  alloy. 


surface~cleanlng  small  components;  this  technique  provides  better 
cleaning  and  Is  more  economical  than  other  methods.  Metallic  anticor¬ 
rosion  coatings  can  be  applied  In  various  ways.  The  hot  method  Is  based 
on  Immersion  of  pickled  components  In  molten  protective  metal  (Sn,  Zn, 
Al),  which  wets  the  workpiece  and,  after  the  excess  has  drained  off, 
crystallizes  on  the  surface  In  a  thin  layer.  This  method  Is  most  widely 
employed  for  depositing  heimetlc  layers,  for  tin-plating  and  zlnc-plat- 
Ing  steel  sheets,  wires,  or  welded  assemblies,  and  for  protecting  com¬ 
ponents  against  gas  corrosion,  as  In  the  deposition  of  molten  stellite 
or  nlchrome  on  the  valve  faces  of  Internal-combustion  engines. 

The  most  common  galvonlc  method  Is  based  on  liberation  of  metal 
from  an  electrolyte  under  the  action  of  an  electric  current.  The  pro¬ 
duction  of  thin  coatings.  Including  anticorrosion  coatings  (usually  no 
more  than  50  p  thick),  Is  called  electroplating.  The  workpiece  serves 
as  the  cathode  and  a  plate  of  the  protective  metal  as  the  anode. Acid  or 
cyanide  baths  containing  salts  of  the  appropriate  metals  are  usually 
used  as  the  electrolyte.  The  advantages  of  this  technique  Include  high 
coating  quality,  retention  of  the  structure  and  properties  of  the  base 
metal  as  a  result  of  the  fact  that  no  heating  Is  Involved,  and  ease  of 
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process  control,  which  Is  effected  by  varying  the  electrolyte  composi¬ 
tion,  the  temperature,  and  the  current  density;  the  thickness  of  the 
plating  layer  is  determined  by  the  metal-deposltlon  time.  The  mechani¬ 
cal  properties  of  the  workpiece  sometimes  deteriorate  as  a  result  of 
application  of  a  galvonlc  coating:  plasticity  at  elevated  temperatures, 
fatigue  strength,  and  Impact  strength  are  reduced.  Automatic  and  semi¬ 
automatic  devices  are  widely  employed  for  zinc-,  cadmium-,  chromium-, 
nickel-,  copper-,  and  tin-plating,  as  well  as  for  application  of  rare 
or  precious  metals  (Ag,  Au,  Pt,  Rh,  Pd,  In,  etc.  ).  Qalvonlc  application 
of  alloys  is  also  possible  (bronze-  and  brass-plating,  etc.).  The 
thickness  of  galvonlc  coatings  varies  over  a  wide  range,  depending  on 
their  composition  and  structure  and  the  operational  conditions.  For  ex¬ 
ample,  zinc  and  cadmium  coatings  are  35-50  p.  thick  for  severe  condi¬ 
tions  and  no  more  than  10  p  thick  for  mild  conditions.  Oold,  rhodium, 
and  Indium  coatings  rarely  exceed  0.5-1  p  In  thickness. 

The  protective  properties  of  anticorrosion  coatings  are  determined 
by  their  thickness,  their  behavior  with  respect  to  the  corrosive  medium 
in  Question,  and  their  physicochemical  properties.  Zinc  coatings  fur¬ 
nish  good  protection  un^er  atmospheric  corrosion  conditions.  Cadmium 
provides  better  protection  against  salt  water.  Nickel  coatings  are  re¬ 
sistant  to  air,  certain  weak  acids,  alkalies,  and  fuel- combust Ion  pro¬ 
ducts.  Chromium  coatings  are  highly  resistant  to  moist  air,  nitric  and 
certain  organic  acids,  alkalies,  many  salt  solutions,  hydrogen  sulfide, 
etc.  However,  since  they  are  often  porous  and  are  cathodic  with  respect 
to  steel,  chromium  coatings  give  reliable  protection  only  when  the 
steel  has  an  undercoat  of  copper  and  nickel.  Use  of  multilayer  coatings 
Is  also  recommended  If  the  metal  of  the  anticorrosion  coating  adheres 
poorly  to  the  base  metal  or  alloy.  Lead  coatings  have  a  high  resistance 
to  sulfuric  acid  and  sulfur-containing  gases.  Tin  coatings  have  a  high 
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chemical  resistance;  the  corrosion  products  of  this  metal  are  harmless 
to  the  human  body  and  It  Is  consequently  widely  employed  for  plating 
purposes  In  the  foodstuffs  Industry.  Gold  and  platinum  coatings  are  ex- 
trwnely  stable  and  break  down  only  In  a  mixture  of  hydrochloric  and  ni¬ 
tric  adds  (aqua  regia).  Copper  coatings  are  often  used  as  underlayers 
In  nickel-,  chromium-,  gold-,  and  silver-plating.  The  table  gives  exam¬ 
ples  of  the  use  of  galvonlc  coatings.  The  contact  method  for  application 
of  antlcozToslon  coatings  Is  based  on  deposition  without  an  electric 
current,  as  a  result  of  displacement  of  metals  from  solutions  of  their 
salts.  This  technique  Is  used  to  produce  coatings  of  tin  on  brass  and 
steel,  of  gold  on  silver,  and  of  copper,  nickel,  and  silver  on  steel. 
They  are  moat  frequently  decorative,  being  very  thin  and  having  low 
protective  characteristics.  Among  the  methods  for  liberating  the  protec¬ 
tive  metal  from  solution  Is  chemical  nickel-plating,  which  is  based  on 
reduction  of  nickel  salts  by  hypophosphlte.  The  principal  advantage  of 
this  method  Is  the  fact  that  It  permits  deposition  of  a  protective  lay¬ 
er  of  uniform  thickness  on  components  with  complex  surfaces.  Anticorro¬ 
sion  coatings  of  hlgh-meltlng  metals  (tantalum,  niobium,  etc.)  can  also 
be  obtained  by  decomposition  of  their  volatile  haloid  salts  by  thermal 
dissociation  or  reduction  with  hydrogen. 

Dispersion  metallization  (the  Schoope  process)  is  carried  out  with 
a  special  metalllzer,  a  "pistol”  (Fig.  3)»  which  disperses  the  molten 
protective  metal  by  means  of  compressed  air;  the  metal  is  melted  with 
an  electric  arc  or  oxyacetylene  flame  or  by  induction  heating.  This 
technique  perrolts  rapid  covering  of  large  surfaces  with  protective  me¬ 
tal  after  assembly  has  been  completed.  However,  the  protective  layer 
obtained  Is  of  low  density  and  strength  and  not  completely  uniform.  On¬ 
ly  anodic  coatings  (e.g.,  zinc,  cadmium,  or  aluminum  on  steel)  are  ap¬ 
plied  by  the  dispersion  method  for  corrosion  protection.  Coatings  of 
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Galyonlc  Anticorrosion  Coatings  (recorome^ed  applications) 


Protective 

Metal 

Corrosive  Medium 

typical  Types  of  {’roducts  Pro¬ 
tected  and  Purpose  of  Coating 

Zinc 

Air,  fresh  water  at 
temperatures  of  up  to 
70®,  closed  rooms  with 
moderate  humidity  con¬ 
taminated  with  sulfur- 
containing  gases  and 
combustion  products, 
gasoline,  kerosene; 

Steel  sheets,  strips,  and 
wire,  components  of  machinery 
and  mechanisms,  tubing,  tables, 
braces,  standards,  fastener's 
(bolts,  nuts,  rivets,  screws), 
food  containers,  threaded  com¬ 
ponents  with  precise  tolerances 

Cadniiur. 

Moist  sea  air,  salt 
water,  hiot  fresh  wa¬ 
ter,  chloride-contain¬ 
ing  solutions 

Components  and  mechanisms 
(primarily  for  marine  aviation 
and  ship-building),  high-stress 
steel  aviation  components, 
standards,  springs,  electrical 
contacts,  fasteners  and  thz'ead- 
ed  components  with  precise  tol¬ 
erances  for  tight  assembly 

Nickel 

Air,  closed  rooms 
with  ncxlerato  humidity 

Usually  with  a  copper  undej>- 
layer  for  protective-decorative 
coatings  on  chemical-apparatus 
components,  medical  Instruments 
terminals  to  which  copper  or 
aluminum  leads  are  to  be  at¬ 
tached,  bronze  springs,  mem¬ 
branes,  gears,  components  with 
precise  tolerances,  fasteners 

Ohronini! 

Moist  air,  hot  oxi¬ 
dizing  gaseous  media 

Often  with  an  underlayer  of 
copper  and  nickel  or  nickel  for 
protective-decorative  coatings 
on  fittings  for  railway  rolling 
stock,  tiTolley  cars,  trolley 
buses,  and  omnibuses,  automo¬ 
bile  parts,  precision  instru¬ 
ments,  medical  instruments, 
widely  used  everyday  products, 
components  which  must  function 
under  friction,  gvm  barrels 

Tin 

Weakly  acid  media, 
foodstuffs 

Iron  sheets  (manufacture  of 
tin  plate),  components  of  In¬ 
struments  and  radio  equipment 
which  are  to  be  soldered,  con¬ 
tacts,  components  with  precise 
tolerances,  storage  containers, 
food  containers,  pots,  copper 
cable  (for  protection  against 
the  action  of  sulfur  during 
vulcanization) 

Lead 

Sulfuric  acid,  air 
containing  sulfurouc 
gases 

Tubing,  vessels  for  sulfuric 
acid,  baths,  storage  batteries 
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Protective 

Metal 

Cori*08lve  Medium 

Typical  Types  of  Products  Pro¬ 
tected  and  Purpose  of  Coating 

Copper 

Rarely  used  as  an  Independent  anticorrosion  coating, 
generally  employed  as  an  underlayer  for  nickel-,  chrom¬ 
ium-,  gold-,  and  silver-plating  and  for  subsequent  oxi¬ 
dation  or  chemical  staining 

Silver 

Moist  air,  alkaline 
media,  hydrochloride 
solutions 

Chemical  apparatus,  electron¬ 
ic  and  radio  components,  con¬ 
tacts,  reflecting  devices 
rors,  projectors,  reflectors, 
headlights ) 

Qold,  plati¬ 
num 

Air,  aggressive  cnem- 
Ical  media 

Chemical  vessels,  watch  com- 
ponerts,  components  of  preci¬ 
sion  measuring  Instruments 

Antimony 

Salt  water,  moist 
sea  air 

Substitute  for  cadmium  coat¬ 
ings 

Indium 

Organic  acids  formed 
during  oxidation  of 
lubricants 

Bushings  of  lead-bronze  bear¬ 
ings 

Rhodium 

Air  containing  sul- 
furous  gases 

Protection  of  silver  coatings 
against  tarnishing 

Pig.  3*  Oas  metalllzer:  l)  Dispersion  head;  2)  conpressed-alr  turbine; 
3)  handle;  4)  connecting  tube  i‘or  cocnpressed-alr  supply. 


nickel,  lead,  tin,  copper,  bronze,  and  stainless  steel  are  used  primar¬ 
ily  for  decorative  purposes. 

A  new  method  has  recently  been  developed  for  applying  protective 
'coatings  with  a  plasma  disperser  (Pig.  4).  A  flare  is  produced  in  the 
plasma  burner  by  the  Interaction  of  the  plasma  gas  (e.g. ,  a  mixture  of 
liydrogen  with  ^10%  nitrogen)  with  the  electric  arc,  tils  resulting  In 


2fc2 


Pig.  4.  Plasma  disperser  (diagrammatic):  1)  dc  power  supply;  2)  elec¬ 
trode;  3)  arc;  4)  plasma;  5)  coolant;  6)  powder  suspended  In  through- 
flowing  gas;  7)  nozzle;  8)  gas  stream;  9)  dispersed  material;  10)  work- 
piece. 

dissociation  and  Ionization  of  the  gas;  the  temperature  reaches 
-17,000°.  Nltix)gen  containing  dispersed  metal  is  forced  through  the 
plasna-flame  zone;  the  resultant  gas  stream  Is  directed  at  the  work- 
piece,  where  a  protective  layer  la  deposited.  Plasma  anticorrosion  coat¬ 
ings  have  a  lower  porosity,  higher  strength,  and  lower  oxide  content 
than  coatings  produced  by  the  usual  dispersion  method.  This  technique 
Is  employed  for  applying  hlgh-meltlng  metals  (niobium,  tantalum),  hlgh- 
hot-strength  zirconium  and  hafnium  borides,  vanadium  carbide,  etc.  The 
thermal-diffusion  method  is  based  on  diffusion  of  the  protective  metal 
Into  the  surface  of  the  workpiece,  heating  the  latter.  Vaporized  metal 
Is  used  for  this  purpose  In  some  cases  and  volatile  compounds  of  the 
metal  In  question  are  used  in  others.  The  diffusion  layer  Is  0.02-0.1 
mm  thick.  Diffusion  metallization  with  vaporized  zinc  (sherardlzation) 

Is  carried  out  In  closed  rotating  drums  containing  nuts,  bolts,  washers, 
hardwai’t,  and  zinc  turnings.  A  thin  z Inc-enrlched  diffusion  layer  Is 
fonr.ed  on  heating. 

Gaseous  chiw.e-platlng,  calorizing  (aluminum-plating),  and  silicon- 
coating*  oi  steel,  etc. ,  are  based  on  the  reaction  of  appropriate  ha¬ 
loid  compounds  (CrCig,  AlCl^,  SlCl^)  with  Iron  at  high  temperatures  to 
form  active  atoms  of  the  elements  In  question  (Cr,  Al,  and  Si),  which 
diffuse  into  the  workpiece.  These  methods  are  used  primarily  to  In- 
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crease  the  hot  strength  of  alloys,  l.e,,  to  raise  their  resistance  to 
gaseous  corrosion  by  fomation  of  high-quality  protective  films  on  oxi¬ 
dation.  Silicon  coating  can  be  employed  to  Increase  the  hot  strength  of 
high-melting  molybdenum-based  alloys.  One  drawback  of  the  diffusion 
method  is  the  fact  that  brittle  metallic  compounds,  such  as  FeZn,  FeAl^, 
and  FeCr  [FeCr  (o~phase)  is  formed  principally  during  chromium  diffu¬ 
sion-plating  of  austenitic  chrome-nickel  steels]  are  formed  in  the  in¬ 
termediate  zones,  reducing  the  resistance  of  the  protective  layer  to 
dynamic  stresses.  The  thermodiffusion  methods  also  Include  anticorro¬ 
sion  nitrogen-coating  of  steel  components,  which  is  effected  by  neatlng 
them  in  a;i  ammonia  atmosphere  (at  650"  for  3  hr).  The  nitrogen-enriched 
layer  thus  formed  is  distinguished  by  high  hardness  and  corrosion  re¬ 
sistance  in  water;  this  method  is  recommended  for  components  which  must 
function  both  in  corrosive  med-um  and  under  friction,  e.g. ,  for  water- 
pump  shafts. 

The  themiomechanlcal  method  consists  in  welding  a  layer  of  protec¬ 
tive  metal  to  the  workpiece  during  hot  rolling  and  is  employed  for 
sheets  and  wire.  For  example,  this  method  is  used  to  produce  duralumin 
sheets  plated  on  both  sides  with  pure  alaminum;  the  plating  layer  on 
each  side  amounts  to  of  the  thickness  of  the  base  sheet.  Plating 

of  duralumin  is  widely  utilized  in  aircraft  construction;  it  is  an  ex¬ 
ample  of  anodic  coating  and  is  a  very  effective  means  of  increasing  the 
corrosion  resistance  of  duralumin  in  active  aqueous  media  and  under  at¬ 
mospheric  conditions.  This  technique  is  also  employed  to  produce  bime¬ 
tallic  products,  such  as  iron  sheets  plated  with  stainless  steel,  cop¬ 
per,  or  brass,  and  for  corrosion  protection  of  cartridge  cases. 

Nonmetalllc  antlcorrtslon  coatings  include  lacquers  and  paints, 
plastics,  rubber,  bitumen,  and  oxide  and  salt  film.  Temporary  corrosion 
protection  is  provided  by  anticorrosion  greases.  Lacquers  and  paints 
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are  the  most  widely  employed  coatings,  being  simple  to  apply,  long-act~ 
ing,  easily  renewed,  and  economical.  They  can  be  divided  into  three 
categories:  primers,  fillers,  and  paints  (enamels)  and  finish  lacquers. 
Plastic  anticorrosion  coatings  Include  polyethylene,  fluoroplasts, 
vlnlplasts,  nylon,  and  materials  based  on  phenol-aldehyde  (bakellte) 
and  epoxy  resins.  They  are  highly  water-  and  acid-resistant  and  are 
used  for  lining  various  types  of  containers  and  galvonlc  baths,  for 
shielding  electrical  leads,  cables,  etc.,  and,  primarily,  in  the  chemi¬ 
cal  Industi’y,  Paolite,  which  is  highly  plastic  and  easily  foimed  or 
rolled  Into  sheets,  is  very  widely  used.  Fluidization,  in  which  sus¬ 
pended  plastic  particles  are  deposited  on  the  workpiece  in  a  bath  under 
the  action  of  a  stream  of  compressed  air,  is  commonly  en.ployed.  Certain 
plastics  can  also  be  applied  in  a  pseud oannealed  layer  by  eddy  sinter¬ 
ing.  Bitumen  or  asphalt  is  used  for  corrosion  protection  of  subterran¬ 
ean  installations,  principally  piping.  These  materials  are  applied  in 
the  molten  state;  in  order  to  prevent  slippage  the  coated  pipes  are 
wrapped  in  strips  of  cloth  or  paper.  Rubber-based  composites  make  good 
anticorrosion  coatings  (rubberizing).  Rubberizing  and  coating  with 
chlorinated  rubber  provide  effective  protection  against  the  actlonfe  of 
acids  and  other  chem.1cal  reagents. 

References:  Bakhvalov,  Q.T. ,  et  al. ,  Zashchltnyye  pokrytlya  me-  ^ 
tallov  v  mashlnostroyenil  [Protective  MetalCoatlngs  In  Machine  Build¬ 
ing],  Moscow,  19^9;  Kadaner,  L. I.,  Zashchltnyye  plankl  na  metallakh 
[Protective  Fllsm  on  Metals],  Khar'kov,  1956;  Bakhvalov,  Q.T. ,  Turkov- 
skaya,  A.V. ,  Korrozlya  1  zashchita  metallov  [Corrosion  and  Protection 
of  Metals],  2nd  Edition,  Moscow,  1959;  Samoylov,  A. I.,  Zashchita  me¬ 
tallov  ot  korrpzoua  (Obzar  zarubezhnoy  tekhnlkl)  [Protection  of  Metals 
Against  Corrosion  (Survey  of  Foreign  Techniques)],  Moscow,  I960;  Bakh- 

265 


I-72a9 

valov,-rQ.T. ,  Blrkgan,  L.N. ,  Labutln,  V.P.,  Spravochnlk  gal'vanostega 
[Handbook  of  Electroplating],  2^  Edition,  Moscow,  195^;  Vol’fson, 

A. I.,  Antlkorrozlonnyye  pokrytlya  v  prlborostroyenll  [Anticorrosion 
Coatings  In  Tool  Making],  Moscow,  1948;  fchvyryayev,  Q.K. ,  Elektrolitl- 
chesklye  metalllcheskiye  pokrltlya  detaley  1  Izdelly  v  khlmlcheskoy  pro- 
myshlennostl  [Electrolytic  Metallic  Coating  of  Components  and  Products 
In  the  Chemical  Industry],  Moscow,  1955;  Layner,  V. I.,  Kudryavtsev,  N. 

T. ,  Osnovy  gal’vanostegll  [Principles  of  Electroplating],  3^^  Edition, 
Chaps.  1-2,  Moscow,  1953-57;  Dubinin,  G.N. ,  Dlf f uz lonnoye  khromlrovan- 
lye  splavov  v  poroshakh  [Chromium  Diffusion  Plating  of  Alloys  In  Pow¬ 
ders],  Moscow,  1959;  Krenkler,  K. ,  Die  neuere  Entwicklung  auf  dem  Ge- 
biet  der  Rostschutzanstrlchte,  ’’Werkstoffe  und  Korrosion,"  [Recent  De¬ 
velopments  In  Rustproofing  Paints,  ['Materials  and  Corrosion,"],  1959> 
Vol.  10,  No.  1,  page  1;  Lavorko,  P.K. ,  Pokrytlya  metallov  [Metal  Coat¬ 
ings],  Moscow-Klev,  1959* 
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ANTIFRICTION  CAST  IRON  —  Is  a  wear-resistant  cast  iron  capable  of 
running  In,  by  friction  on  metal  (see  Wear-resistant  cast  Iron).  Anti¬ 
friction  cast  Iron  Is  used  In  the  construction  of  bearings  and  other 
friction  Joints.  The  high  specific  properties  of  the  antifriction  cast 
iron  are  determined  first  of  all  by  Its  microstructure,  the  pearllte  — 
ferrite  ratio  In  the  metal  base,  and  also  by  the  quantity  and  size  of 
the  graphite  Inclusions.  The  microstructure  of  the  antifriction  Iron 
depends  on  the  chemical  composition  and  the  heat  treatment.  The  great 
majority  of  antifriction  iron  grades  are  low-alloy  euid  non-alloy  Iron 
grades.  Copper-bearing  or  hlgh-alloy  antifriction  Iron  with  austen¬ 
ite  base  Is  used  In  some  cases. 


TABLE  1 

Chemical  Composition  of  Non-Alloyed  Antifriction  Cast 
Iron  (GOST  1585-57) 
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1)  Group j  2)  grade;  3)  percentage  of  elements;  4)  gray;  5)  ASCH-;  6) 
high-strength;  7)  AVCH-;  8)  malleable;  9)  AKCh-. 
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TABLE  2 


Chemical  Composition  of  Copper-Bearing  Antifriction 
Iron  (AMTU  294-58) 
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l)  Cast  iron;  2)  percentage  of  the  elements;  3)  not  more  than;  4)  mal¬ 
leable  ChM-j  5)  gray  ChM-- 


TABLE  3 

The  Limits  of  Working  Conditions  for  Antifriction  Iron 
Parts 
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P  9 

ACH-l  . 

180—229  1 

TepuntcKM  olt^OoniiHuO 

cJp“o.*12  13 

TapinneeKB  oOpafiBraiiiiyll 
Cupol 

TepnatCKB  oOpaOoraHHyll 
CypoS 

TepMBiecKii  oOpaSoraiiHyO 
To  M<a 

0,5-80 

1-60 

2,0— 0,2 
3,0-0,75 
3.0-0,75 
5-1 

5-1 

AD  1 

AO  25 

t-18 

3-(5 

3— *5 
25-120 

25-120 

AO  2D0 

AO  125 

ACM-2  .  .  .  ■ . 

ACH-3 . 

100-228  1 
180—100 

ABH-1 . 

210-280 

187-107 

107-217 

187-107 

187-282 

207-282 

5-120 

5-120 

ao  200 
AO  5 

ABH-2 . 

AK«I-1 . 

AKH-2 . 

«tM-l,3  . 

«tM-l,8  . 

O 

1)  Cast  iron:  2)  kg/mm  ;  3)  condition  of  the  shaft;  4)  specific  pres¬ 
sure  p(kg/cm2);  5)  sliding  rate  v(m/sec);  6)  p.v  (kgm/cm^.sec) ;  7) 
ASCH-;  8)  AVCH-;  9)  AKCh-;  10)  ChM-;  11)  heat  treated;  12)  the  same; 
13)  raw. 


Exact  Junction  of  the  friction  surfaces  of  the  parts,  absence  of 
bending,  continuous  high-quality  lubrication,  and  clearancces  increas¬ 
ed  by  15-30^  in  comparison  to  the  standards  for  bronze  (an  Increase  by 
50^  of  the  clearances  is  necessary  when  the  bearing  is  considerably 
heated)  are  necessary  to  obtain  reliable  service  with  antifriction 
iron.  Moreover,  the  friction  surfaces  must  have  a  sufficient  roughness 
in  order  to  Improve  the  run  in.  The  run  in  Is  carried  out  in  Idle 
state  with  a  gradually  increasing  working  load.  The  run  in  Is  Improved 
by  a  preliminary  pickling  of  the  finished  antifriction  Iron  parts  In  a 
105^  solution  of  nitric  acid  for  1-1.5  minutes  and  a  subsequent  impreg¬ 
nation  in  hot  spindle  oil  for  15-20  min.  This  treatment  not  only  In- 
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creases  the  micro-roughness  of  the  friction  surfaces  (0.25-0.8  micron), 
but  prevents  the  formation  of  cold-hardened  or  seized  spots  during  the 
run-in  process,  and  due  to  the  continuous  oil  film  Increases  the  wear- 
resistance  by  eliminating  the  contact  between  themetal  surfaces  In  fric¬ 
tion.  The  following  groups  of  antifriction  iron  are  distinguished:  gray, 
high-strength  (magnesium-alloy),  malleable,  and  austenitic  cast  Iron. 

The  chemical  composition  of  nonalloyed  cast  Iron  grades  for  castings 
utilized  In  bearing  units  Is  listed  In  Table  1,  that  of  the  copper¬ 
bearing  cast  Iron  (according  to  AMTU  29^-58)  Is  quoted  In  Table  2.  Aus¬ 
tenitic  cast  Iron  of  the  ZhChNDKhl5-7-2  grade,  alloyed  with  nickel 
(155^),  copper  (8$^),  and  chromium  (2^),  and  other  cast  Irons  of  this 
type,  belonging  to  the  corrosion-resistant  and  heat-resistant  cast 
irons  of  the  Nl-Reslst  type  (see  Corrosion-resistant  cast  Iron  and 
Heat-resistant  cast  Iron),  are  used  for  parts  which  work  at  higher  tem¬ 
peratures  under  wearing  and  corrosive  conditions,  e.g. ,  for  sleeves  of 
fuel  pumps,  distributor  valves,  etc. 

Antifriction  Iron  parts  used  for  service  In  combination  with  hard¬ 
ened  or  normalized  shafts  (Table  3)  must  be  made  of  a  pearlltlc  anti¬ 
friction  Iron  of  the  ASCh-1,  ASCh-2,  AVCh-1,  and  ChM-1,8  grades,  which 
contain  In  the  visual  field  of  a  polished  section  at  least  855^  pearllte, 
and  the  AKCh-2  and  ChM-1,3  grades  containing  lOOJf  pearllte;  parts  used 
for  service  with  non-heat-treated  (raw)  shafts  must  be  made  of  a  pear- 
llte-ferrltlc  antifriction  iron  of  the  grades  ASCh-3  (more  than  6o% 
pearllte),  AVCh-2  (more  than  505^  pearllte),  and  AKCh-2  (35-805^  pear¬ 
llte).  The  AKCh-2  grade  may  be  a  ferrlte-pearlltlc  or  a  pearllte-fer- 
rltlc  Iron,  depending  on  Its  pearllte  content. 

The  austenitic  cast  Iron  of  the  ZhChNDKhl5-7-2  grade  may  work  at 
sliding  speeds  of  up  to  20  m/sec  and  at  specific  pressures  of  up  to 
25  kg/cm^. 
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Gray,  high-strength,  and  malleable  antifriction  Iron  is  used  In 
the  manufacture  of  parts  of  tool-machines  and  forging  equipment.  In 
automobile  and  tractor  building,  in  agricultural  machine  building,  and 
In  other  branches. 

References;  Grechin,  V.P. ,  Iznosostoyklye  chuguny  1  splavy  [Wear- 
Resistant  Cast  Irons  and  Alloys],  Moscow,  1961. 


A. A.  Slmkln 
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AC4  =  ASCh  =  antlfrlktslonnyy  seryy  chugun  =  antifriction 
gray  Iron 

ABH  =  AVCh  =  antlfrlktslonnyy  vysokorpochynny  chugun  =  high- 
strength  antifriction  cast  Iron 

AKW  -  AKCh  =  antlfrlktslonnyy  kovkly  chugun  =  malleable  anti¬ 
friction  cast  Iron 

^  =  ChM  =  chugun  medlstyy  =  copper-bearing  cast  Iron 


269  AMTy  =  AMTU  =  avlatslonno-metallurglcheskoye  tekhnlcheskoye 

uslovlye  =  Aviation-Metallurgical  Technical 
Specification 
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AMPIPRICTION  CEH4ETS  -  cermets  with  high  durability  and  a  low  co¬ 
efficient  of  friction.  They  are  produced  by  powder  metallurgy  as  bush¬ 
ings  and  bearings  of  two  types,  monometallic  and  bimetallic.  Monometal¬ 
lic  products  are  fabricated  entirely  from  cermets  and  Include  bronze- 


TABLE  1 

Properties  of  Lead 
Bronze 


CiatcTaa 

noaaumaa 

2  CBoacT* 

naoraocTh  .  .  3  . 

(.4-8.6 

HB  (m/Aui*)  .  .  1^.  .  .  . 

2&-2(  aaa 

«(V . 

(2-14 

(.4 

t'lO*  ■  aarapMJW  20- 
100*  ((.‘C)  .  .  5  .  .  . 

Moa^.  Tpcnaa  ao'tTaaa 
CO  eiMaiiot  .  .  g  .  .  . 

12-14 

0.004 

1)  Property;  2)  value: 
3)  density  (g/cm3);  4) 
HB  (kg/mm^);  5)  a»10O 
over  the  range  20-100 “ 
(l/^C);  6)  coefficient 
of  friction  over  lub¬ 
ricated  steel;  7)  or. 


graphite  and  ferrographlte.  Bimetallic  pro¬ 
ducts  consist  of  a  steel  base  to  which  a  cer¬ 
met  layer  Is  applied;  a  variant  consists  In 
applying  a  layer  of  60^  copper  and  UOf6  nickel 
and  another,  working  layer  of  6^  tin,  an¬ 
timony,  and  88^  lead  to  a  steel  base.  The 
middle  layer  is  applied  by  powder  metallurgy 
and  the  working  layer  by  Impregnation. 

The  antifriction  ceimet  employed  in  bi¬ 
metallic  bearings  consists  of  lead  bronze 


TABLE  2 

Applications  of  Antifriction 
Cermets 


Bma  uwjtmM  I  )  2  np»>«i*rnm 

HwMBUSEB 

«»  €«»«•  OUinif«w«  woaeii^Torh 

iioeacToll  8p»«-  t  a*. 

■N  .  ■u'  aanwiMKa 


IiKauiwiaa  tiwi-  a*-— .MOa-MOPu****  — 

ca  aaw*  omnaanp  KnpfaaaToro  m- 

•  (1  am  «n|irapo«!iiniMi  martf 

^  ^  HnXajtMibi  amrmrmamt, 

pnopau*  bi*IBu 


1»  Type  of  product;  2)  applications;  3)  bimetallic  lead-bronze  bearings; 
4)  three-layer  bearings;  5)  automobile  construction  (crankshaft  bear¬ 
ings),  machine  building  (large  bearings);  0)  automobile  construction 
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(crankshaft  bearings  for  fuel- Inject ion  engines,  thrust  collars). 

containing  70-72%  copper  and  28-30Jj  lead. 

Three- layer  bearings  with  a  cermet  underlayer  have  a  fatigue 
strength  2-3  times  that  of  bimetallic  bearings  of  lead  bronze.  The  peiv 

O 

missible  loading  reaches  130  kg/cm  . 

For  applications  of  other  antifriction  cermets  see  Bronze  graphite. 

References ;  Rakovskly,  V.S.,  and  Sakllnsky,  V.V. ,  Metal lokeramlka 
V  mashlnostroyenll  [Cennets  in  Machine  Building],  Moscow,  1956;  Saklln- 
skly,  V.V. ,  Tekhniko-ekonomlcheskaya  effektivnost '  tekhnologll  porosh- 
kovoy  metallurgll,  "Vestn.  mashlnostroyenlya, "  [Technical-Economic  Ef¬ 
ficiency  of  Powder-Metallurgy  Technology,  [Herald  of  Machine  Building], 
1961,  No.  6;  Sakllnskly,  V. V. ,  Khazov,  V. A. ,  Izgotovlenlye  trlmetalllc- 
cheskoy  lencheskoy  llnll,  (Manufacture  of  Trlmetalllc  Sheets  for  Bear¬ 
ing  Linings  on  Automatic  Production  Lines,  Moscow,  i960  (TsITEIN.  Per- 
edovoy  nauch.-tekhn.  1  prolzv.  opyt  [Advanced  Scientific-Technical 
and  Production  Experience],  No.  M  6O-296/13.  Report  3,  No.  I3). 

V.V.  Sakllnr’-ly 
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iWTIFRICTlON  MATERIAZ^  -  materials  usually  employed  for  sliding 
bearings,  bushings,  and  similar  components,  which  generally  function 
under  friction  against  metal,  primarily  In  the  presence  of  lubricants, 
and  ensure  low  friction,  l.e.,  have  antifriction  properties  or  are  an> 
tlfrlctlonal.  A  low  coefficient  of  friction  depends  on  the  combined 
properties  of  the  contact  surfaces  of  the  two  ccMnponents.  The  presence 
or  absence  of  lubricants  and  their  properties,  the  conditions  at  the 
friction  surface  (kinematic,  force,  temperature),  the  quality  of  the 
surface  finish,  and  other  factors.  In  addition  to  antifriction  proper¬ 
ties,  the  requirements  usually  Imposed  on  components  which  must  func¬ 
tion  under  friction  Include  mechanical  strength,  durability,  corrosion 
x»e8l8tance  In  a  given  medium,  workability,  etc.  It  Is  often  Impossible 
to  find  a  material  which  simultaneously  satisfies  these  different, 
sometimes  contradictory  requirements  and  two  or  more  materials  with 
different  properties  are  consequently  combined  In  a  single  component, 
such  as  bimetallic  bushings  with  a  steel  base  and  a  working  layer  of  an 
antifriction  plastic,  bearings  of  porous  hard  bronze  with  a  filler  of 
polytetrafluorethylene  (inferred  to  by  the  technical  designation  fluor- 
c<pia8t-4  in  the  USSR  and  as  teflon  In  England  and  the  United  States), 
a  material  which  provides  low  friction  without  lubricants,  cast-iron 
piston  rings  with  a  thin  working  layer  of  tin,  etc. 

One  phenc«nenon  which  causes  high  friction  between  metals  In  direct 
contact  (with  the  surfaces  absolutely  clear  and  with  no  oil  films,  ox¬ 
ides,  or  contaminants),  grabbing.  Involves  formation  of  simple  metallic 
bonds  where  pjToJectlng  Irregularities  come  Into  contact;  grabbing  Is 
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responsible  for  the  sticking  of  contact  surfaces  In  friction  which  re¬ 
sults  In  damage.  Lack  of  grabbing  Is  one  of  the  most  Important  Indica¬ 
tions  of  antifriction  properties  In  a  given  combination  of  materials. 

The  principal  method  for  reducing  friction  and  eliminating  wear  (in¬ 
cluding  Its  most  dangerous  manifestation,  grabbing)  in  machinery  is  the 
use  of  lubricants,  completely  separating  the  contact  surfaces  with  the 
liquid  film  formed  during  hydrodynamic  lubrication  or  with  a  boundary 
film  of  the  lubricant.  The  properties  of  these  materials  which  promote 
formation  or  maintenance  of  the  lubricant  film  between  the  contact  s’or- 
faces  are  among  those  responsible  for  antifriction  characteristics.  In 
cases  where  a  lubricant  cannot  be  used  to  separate  the  friction  surfaces 
and  a  load  is  applied  (partially  or  completely)  between  them,  l.e.,  in 
metallic  contact,  grabbing  and  sticking  of  steel  components  are  avoided 
by  giving  them  antifriction  properties  through  superficial  chemical 
heat  treatment  (nit riding,  sulfiding,  parkerlzlng,  oxidation)  and,  in 
some  cases,  by  application  of  metallic  coatings  (brass-plating,  etc.). 

A  similar  function  is  served  by  lubricating  oils  containing  chemically 
active  antlscratchlng  additives:  during  friction  surface  treatment  of 
the  steel  occurs  when  the  surface  temperature  rises  to  the  initiation 
temperature  of  the  chemical  reaction  between  the  additive  and  iron.  An¬ 
tifriction  properties  can  also  be  Imparted  to  steel  by  application  jf 
solid  lubricants  (graphite,  molybdenum  disulfide,  polytetrafluorethy- 
lene)  to  the  contact  surfaces.  Antifriction  materials  include  metals, 
which  are  used  principally  in  working  with  lubricants  (certain  types  of 
cast  iron,  alloys  based  on  copper,  aluminum,  zinc,  cadmium,  tin,  and 
lead,  porous  materials  obtained  from  powdered  metals  by  the  cermet 
method,  metallized  coatings,  and  coatings  of  certali.  plastic  metals), 
plastic  and  resliious  materials  for  working  with  water  as  a  lubricant, 
metal-plastic  composites  for  working  without  lubricants,  and  graphite- 
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based  con^oeltee  fer  working  without  lubricant..  The  najorlty  of  these 
materuie  are  employed  for  sliding  bearings  (see  Bearln. 

M.M.  KruBhchov 
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ANTIFRICTION  PLASTICS  --  textolite,  laminar  ligneous  plastics,  poly- 
amlcies  (caprone,  anld),  fluoroplast-4,  and  other  plastics  used  in  mach¬ 
ine  components  subjected  to  friction.  These  materials  are  used  for 
bearings,  gujdes,  bushings,  sleeves,  etc.  The  advantages  of  bearings  of 
antifriction  plastic  include  high  fatigue  strength,  absorption  of  im¬ 
pact  and  vibration,  and  little  damage  to 
the  contact  surfaces  in  impei'fect  friction. 
Their  drawbacks  Include  less  precise  mech¬ 
anism  operation  (variation  in  shaft-axis 
position)  as  a  result  of  the  fact  that  an¬ 
tifriction  plastics  are  less  rigid  than  me- 


Plg.  i,  Slngle-piecf 
extruded  bearing. 


y  - 


tals,  the  necessity  of  2*unnlng-in  a  bearing  before  it  will  regain  its 
original  dimensions  after  the  load  is  removed,  and  the  change  in  bear-- 
Ing  dimensions  as  a  result  of  absorption  of  moisture, 

Texto-.,..,/e  bushings  and  bearings  are  used  in  var¬ 
ious  branches  of  mach!.,e  building  and  tool  making;  tex- 
tollte  2  and  2B  has  the  best  antifriction  properties, 

O 

withstanding  pressures  of  up  to  300-350  kg/cm'"  when 
lubricated  with  water  and  having  a  maximum  sliding 
speed  of  5-8  m/sec.  Textolite  3>  PTK,  PT,  etc. ,  is  also 
employed.  Bearings  of  various  shapes  are  manufactured 
by  hot  pressing  (Pig.  1).  Laminar  textolite,  which  is 
produced  in  the  form  of  plates,  is  widely  used  for  the  split  bearings 
of  rolling  equipment.  Bearings  of  the  laminar  ligneous  plastics  DSP-B 
and  DGP-V  are  used  in  water-driven  turbines,  naval  equipment,  rolling 
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Fig.  2.  Lon¬ 
gitudinally- 
assembled 
plastic  bear¬ 
ing. 
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stands  operating  under  light  and  moderate  regimes,  the  closing  mechan¬ 
isms  of  locks  and  floodgates,  hydraulic  pumps,  etc.;  these  materials 

p 

can  withstand  pressures  of  up  to  200  kg/cm  when  lubricated  with  water 

2 

and  of  up  to  20-40  kg/cm  when  heavy  lubricants  are  used.  Bushings  or 
bearings  of  textollte  or  DSP  are  assembled  from  Individual  elements 
(Pigs.  2  and  3)>  In  designing  bearings  of  ligneous  plastics  assembly 

should  be  ‘face-wise’,'  the  veneer  layer  lying 
perpendicular  to  the  shaft  cross-section. 

The  elements  of  split  bearings  fabricated 
from  trapezoidal  bars  of  DSP  are  used  only 
with  their  layers  arrayed  radially.  The  la¬ 
teral  surfaces  are  machined  In  such  fashion  that  the  bars  can  be  placed 
in  polygonal  tubes  (Pig.  4).  The  coefficient  of  friction  of  textollte 
and  DSP  Is  0.002-0.015  when  water  serves  as  the  lubricant  and  0.03-0.1 
when  a  mineral  lubricant  Is  used.  The  quantity  of  water  needed  to  lub- 

p 

rlcate  a  bearing  is  0.05-0.75  llters/cm  per  min,  depending  on  working 
conditions. 


Pig.  4.  Assembly  of  Pig.  5.  Nylon  bushing 

bars  to  produce  bush-  with  compensating  slit 

Ing.  and  flange. 

Caprone  (polycaprolactam)  bearings  with  wall  thickness  of  1.5  mm 
or  less  function  reliably  at  pressures  of  up  to  80-120  kg/cm  ,  speeds 
of  up  to  3.5  m/sec,  and  temperatures  of  no  more  than  100-120".  Caprone 
(nylon)  bushings  with  narrow  slits  (Pig.  5)  to  compensate  for  changes 
in  size  resulting  from  variations  in  temperature  and  humidity  are  also 
employed.  Low-viscosity  mineral  oil  Is  used  as  a  lubricant.  The  pres- 


Plg.  3.  Transversely- 
assembled  plastic 
bearing. 
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sure  on  bearings  fabricated  from  other  polyamides  should  be  reduced 
when  lubricating  with  water.  Caprone  bearings  can  function  at  pressures 

p 

of  up  to  5  kg/cm  under  dry  friction;  the  Brlnell  hardness  of  caprone 

P 

Is  10  kg/lnm  .  The  surface  hardness  of  caprone  bearings  Is  roughly 
halved  by  heating.  The  coefficient  of  friction  against  steel  Is  0.17- 
0.20  without  lubricants,  0.014-0.020  with  lubricating  oil,  and  0.02- 
0.05  with  water.  The  gaps  In  caprone  and  other  plastic  bearings  should 
be  somewhat  larger  than  those  in  metal  bearings;  the  relative  clearance 
should  be  approximately  0.003-0.006. 

Bearings  fabricated  wholly  from  plastic  deform  under  stress,  swell 
in  water,  and  have  a  low  thermal  conductivity.  These  drawbacks  can  be 
eliminated  or  somewhat  reduced  by  lining  the  bearings  with  a  thin  layer 
of  plastic  (caprone,  polyamide  P-68,  finely  cut  cloth,  etc.).  Lining 
methods  Include  eddy  deposition  of  films,  pressure  casting  (for  finely 
cut  cloth  and  wood),  cementing  of  a  plastic  film  to  the  surface  of  the 
metal,  etc.  The  most  productive  method  is  eddy  deposition  (immersion  of 
a  metallic  component  heated  to  a  temperature  above  the  melting  point  of 
the  plastic  in  powdered  plastic  agitated  by  a  stream  of  air);  the  plas¬ 
tic  layer  is  easily  renewed  by  rellning.  In  pressure  casting  the  lining 
material  is  finely  cut  thin  cloth  impregnated  with  bakellte  lacquer. 
Longitudinal  and  transverse  channels  are  made  on  the  inner  surface  of 
the  bearing  for  attachment  of  the  lining,  which  is  2.5-6  mm  thick. 
Bearings  lined  with  finely  cut  textollte  are  used  under  loads  of  up  to 

p 

300  kg/cm  in  rolling  and  hydraulic  equipment  lubricated  by  water. 
Bearings  coated  with  polyamide  and  polyurethane  films  (O. 1-0. 5  mm 
thick)  are  used  at  pressures  of  up  to  200  kg/cm  and  are  oil-lubricated. 
Bearings  of  fluoroplast-4  (teflon)  have  a  very  low  coefficient  of  dry 
friction  (0.04-0.06)  and  can  be  used  without  lubricants  or  with  limited 
lubrication  at  pressures  of  up  to  4-5  kg/cm^;  this  material  is  deformed 
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at  high  pressures.  The  high  antifriction  and  anticorrosion  properties 
and  frost-  and  heat-resistance  (maximum  working  temperature  -  +250*)  of 
fluoroplast-4  porous  bearings  are  fabricated  from  fluoroplast-  impreg¬ 
nated  bronze;  such  bearings  can  withstand  pressures  of  30-50  kg/cm^  or 
more.  Bearings  can  be  fabricated  from  teflon  and  fiberglass  (the  fibers 
glass  serves  as  a  base  and  prevents  material  deformation  of  the  teflon) ; 
there  are  also  three-layer  bearings  based  on  porous  pin  bronze  impreg¬ 
nated  with  a  mixture  of  teflon  and  lead.  According  to  the  data  avail- 
able,  such  bearings  can  be  used  at  pressures  of  up  to  280  kg/cm  and 
temperatures  of  up  to  200-280*.  In  addition  to  sliding  bearings,  anti¬ 
friction  plastics  are  used  in  friction  guides  for  various  machine  tools 
and  mechanisms  (textollte  has  been  found  to  give  the  best  results). 
Roller  bearings  fabricated  wholly  or  partly  from  plastics  (plastic  rol¬ 
lers  and  metal  rings  or  vice  versa)  are  used  at  low  speeds  (up  to  2 
m/sec). 

References ;  Al' shits,  I.Ya.  Verzhbitskiy,  N.P. ,  Zomer,  E. P. ,  Opory 
skol'zhenlye,  [Sliding  Bearings],  Kiev-Moscow,  1958;  Platonov,  V.P. , 
Podshlpnlkl  Iz  poliamldov  [Polyamide  Bearings],  Moscow,  196I. 


I.Ya.  Al’ shits 
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ANTIMONY  BRONZE  —  bronze  In  which  the  picture  alloying  element  Is 
antimony. 

Chemical  Composition  of  Antimony  Bronzes 

I  CofiepNOHm  OCHOIHMX  UieMCHTDI  (%) 
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1)  Alloy;  2)  content  of  basic  elements  (^);  3)  BrSuP  6-1:  4)  BrSuSF  6- 
12-0, 3 j  5)  BrSuN  6-2;  6)  BrSuNTsSP  3.5-3.5-3.5-20-0.2;  7)  BrSuN  7-2.5; 

8)  remainder;  9)  the  same. 

The  phase  diagram  of  antimony  bronze  resembles  that  of  copper-tin 
alloys.  The  greatest  solubility  of  antimony  In  copper  at  the  eutectic 
temperature  (645°)  amounts  to  10. 4j^.  As  the  temperature  Is  reduced  the 
solid-solution  region  becomes  narrower  and  the  antimony  content  amounts 
to  -45^  at  250“  (2.6^  on  later  Investigation).  Antimony  bronze  has  a 
broad  crystallization  range,  is  not  greatly  oxidized  during  casting, 
fills  the  mold  well,  and  has  a  low  linear  shrinkage  and  a  weak  tendency 
(especially  tin  bronzes)  toward  dispersed  shrinkage  porosity.  Antimony 
casting  bronzes  alloyed  with  phosphorous,  lead,  nickel,  and  zinc  have 
good  mechanical  and  very  good  antifriction  characteristics.  Antimony 
bronze  Is  a  fully  satisfactory  substitute  for  tin  bronzes  In  critical 
^rlctlon  components  (see  Casting  bronze).  The  table  shows  the  chemical 
composition  of  antimony  bronzes. 

References;  Mal'tsev,  M.V. ,  Dlagramma  sostoyanlya  1  prevrashchenlya 
prl  raspade  -tverdogo  rastvora  v  slsteme  med'-sur'ma  [Phase  Diagram  of 
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Copper-Antimony  System  and  Transformations  During  Decomposition  of  the 
-solid  solution],  In  book:  Struktura  1  lit 'ye  splavov  tsvctnykh  metal- 
lov  [Structure  and  Casting  of  Nonferrous  Alloys,  Moscow,  19^5;  Antl- 
frlktslonnyye  splavy  [Antifriction  Alloys],  Moscow,  1956. 

O.Ye.  Yestner 
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AQUAMARINE 


see  Berylll  .LTi. 
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ARALAK  -  see  Protein  flhpr* 
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ARBlTR4R2r  YIELD  STRENGTH  -  the  stress  at  which  the  residual  defor¬ 


mation  reaches  a  definite  predetermined  value.  In  determining  this 
factor  the  most  common  tolerance  for  residual  elongation  (on  extension 
and  bending)  or  shrinkage  (on  compression)  Is  0.25^  of  the  calculated 
specimen  length;  when  this  tolerance  la  used  for  the  change  In  linear 
dimensions  the  residual  shear  amounts  to  0.35^.  As  a  rule,  the  arbitrary 
torsional  yield  strength  Is  consequently  determined  with  a  residual 
shear  tolerance  of 


Arbitrary  Tensile,  Compressive,  Warping,  and  Bending 
Yield  Strengths  for  Certain  Structural  Materials 
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l)  Material;  2)  state  of  material;  3)  yield  strength  (k^mm'^)  on;  4) 
extension  (Oo.2^^  compression  warping  (OQ.asm^^ 


bending  (Oq  2l2g^^  KhQSA  steel;  9)  aluminum  alloys;  10)  Dl6;  ll) 

V95;  12)  V96;  13)  titanium  alloys:  VTl;  14)  VT5;  15)  magnesium  alloys; 
l6)  VM65-1;  17)  quenched  and  tempered  at  500";  18)  quenched  and  temper¬ 
ed  at  200";  19)  naturally  aged;  20)  artlflcally  aged;  21)  annealed; 

22)  as-dellvered. 
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In  some  cases  the  arbitrary  yield  strength  is  determined  with  a 
higher  residual -deformation  tolerance  (0.3>  0.5,  l.OJi,  etc.).  The  mag¬ 
nitude  of  the  tolerance  is  Indicated  by  the  subscript  on  the  letter 
designating  the  yield  strength,  e.g. ,  Oq  5*  3* 

The  arbitrary  tensile,  compressive,  warping,  bending,  and  torsion¬ 
al  yield  strengths  are  calculated  from  the  following  formulas: 

Oi.l  — 

O..I  £ii<—r».,  eml^o', 

where  Pq  g  ^0  21zg  respectively  the  axial  load  (in  kg)  and  the 

bending  moment  (in  kg -cm  or  kg -mm)  at  which  the  residual  elongation 

reaches  0.2$^,  Mq  torsional  moment  (in  kg-cm  or  kg-mm)  at 

which  the  residual  shear  reaches  0.3%$  Fq  Is  the  cross-sectional  area 

2  2 

of  the  specimen  in  mm  or  cm  ,  d  is  the  aperture  diameter  in  mm  or  cm, 
a  is  the  specimen  thickness  in  warping  tests  in  mm  or  cm,  and  W  is  the 
moment  of  resistance  in  nmr  or  cm''. 

For  low-  and  medium-strength  structural  steels  (after  annealing, 
nozmiallzatlon,  and  high  tempering)  and  many  aluminum  and  titanium  al¬ 
loys  the  arbitrary  tensile  and  compressive  yield  strengths  are  virtual¬ 
ly  Identical  (Table).  In  high-strength  steels  the  compressive  yield 
strength  is  generally  10-155^  higher  than  the  tensile  yield  strength. 

The  arbitrary  compressive  yield  strength  of  magnesium  alloys  is  usual¬ 
ly  lower  than  their  tensile  yield  strenth.  The  arbitrary  warping  yield 
strength  of  steels  and  aluminum  and  titanium  alloys  Is  10-25Jf  higher 
than  their  tensile  or  compressive  yield  strength,  while  that  of  magne¬ 
sium  alloys  Is  higher  than  their  compressive  yield  strength  and  sooe- 
what  lower  than  their  tensile  yield  strength.  The  ma.lorlty  of  structur¬ 
al  materials  have  an  arbitrary  bending  yield  strength  25-405^  higher 
than  their  tensile  yield  strength.  This  Is  due  to  the  fact  that  the 
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bending  yield  strength  Is  calculated  on  the  basis  of  an  elastic  stress 
distribution  over  the  specimen  cross  section  and  not  on  the  basis  of 
the  actual  curve  showing  the  hardening  of  the  material  In  the  elastic  - 
plastic  regl<Hi  (see  Specific  strength). 


S.I.  Klshkln-?atner 


ARC  RESISTANCE  (spark  realetance)  -  ability  of  a  material  to  re¬ 
sist  erosion  which  takes  place  under  the  action  of  electrothermal  and 
electric  processes.  The  arc  discharge  has  a  plasma  temperature  of  7000*^ 
is  distinguished  by  a  continuous  thermal  effect  on  the  material.  Hence 
the  arc  resistance  of  a  material  depends  primarily  on  its  melting  tem¬ 
perature.  As  opposed  to  an  arc,  a  spark  discharge  has  a  higher  temper¬ 
ature,  of  the  order  of  10,000“K,  is  distinguished  by  a  short -duration 
thermal  effect  on  the  material,  ronunlform  distribution  of  heat  suppli¬ 
ed  to  thematerlal,  overheating  and  melting  of  individual  sections  of 
the  material.  Hence  the  spark  resistance  of  a  material  depends  not  only 
on  the  melting  temperature,  but  also  on  the  specific  heat,  heat  trans¬ 
fer  coefficient,  the  materials,  structure,  the  force  created  by  the  el¬ 
ectron  motion,  on  the  shock  wave;  the  electrode  polarity,  etc.  For  the 
regime;  discharge  energy  0.125  Joules,  discharge  voltage  •  30  volte 

current  amplitude  I  «  250  amps,  medium  —  diesel  oil,  the  approximate 

81 

values  of  the  r-lectrlc  spark  resistance  of  various  materials  relative 
to  the  resistance  of  steel  which  Is  taker  as  unity,  comprise;  6.0  . cr 
magnesium,  4.0  for  aluminum,  1.6  for  brass,  1.  i  for  copper,  1.0  for 
steel,  0.8  for  nickel,  0.6  for  titanium,  0.5  for  molybdenum  and  0.3  for 
tungsten. 

Rferences:  Stall,  D.  R.  ,  Tab'*ltdy  davlenlya  parov  Individual 'nykh 
veshchestv  (Tables  of  Vapor  Pressures  of  Individual  Substances),  trans¬ 
lated  from  English,  Mos  cow,  1949.  S lavlnskiy ,  M.  P.  ,  Plzlko-Khimlchesklye 
svoystva  elementov  (Physlcooh.-rtlcai  Properties  of  Elements),  Moscow, 
1952;  Lazarenko,  B.  R.  and  Lazarenke,  h'.I.  ,  Fizlka  Iskrcvogc  spoeeba 
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obrabotkl  metallov  (Physics  of  Spark  Machining  of  Metals),  Leningrad, 
1957;  Spravochnlk  po  elektrotekhnicheskim  materlalam  (Handbook  of  Elec¬ 
trical  Engineering  Materials),  vol.  1,  part  1,  Moscow  -  Leningrad,  1958. 

V.V.  Korolev 
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ARDIL  —  see  Protein  fiber. 
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ARMATURE  STEEL  —  steel  for  structural  reinforcing  units  and  for 
reinforcement  of  concrete  structures.  It  Is  produced  In  hot-rolled  rods 
with  periodic  shapes  (with  projections  fomlng  a  triple  thread,  with 
two  longitudinal  ribs,  etc. )  of  St5»  following  Group  1  of  GOST  38O-6O. 
The  plasticity  of  armature  steel  Is  tested  by  cold  bending.  It  Is  also 
used  In  the  fonn  of  cold-flattened  rods  of  StO,  Pt2,  St3,  St4,  and  St5 
steels  with  periodic  shapes  and  special  hollows,  following  Group  1  of 
GOST  380-60.  When  better  weldability  Is  required  steel  with  a  standard¬ 
ized  chemical  composition  Is  used  (Paragraph  4,  GOST  380-57).  StO,  St2, 
St3,  and  St4  steels  should  have  an  ultimate  strength  of  no  less  than  45 

Mechanical  Properties  of  Ar¬ 
mature-Steel  Wire 
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5)  mandrel  diameter  (mm);  6)  number  of  bends  (no  less  than). 


O  P 

kg/mm  and  a  yield  strength  of  no  less  than  35  kg/mm';  the  correspond- 

Ing  figures  for  St;5  steel  are  60  kg/mm  and  50  kg/mm  .  Cold  bending  to 

90"  Is  carried  out  around  a  mandrel  whose  thickness  equals  three  times 

the  diameter  of  the  rod  before  flattening.  Hot-rolled  round  armature 

steel  wire  Is  manufactured  from  the  Martensitic  steels  M09kp,  M12kp, 
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MlSkp,  and  Ml8a  and  the  Bessemer  steel  B09lq).  Hot-rolled  bars  of  carbon 
steel  are  used  In  certain  special  canes,  following  OOST  535-58.  Carbon 
steel  wire  Is  used  for  prestressed  reinforced  conor»et.'->  structures,  fol¬ 
lowing  COST  7348-55  (see  Table). 


M.L.  Bemshteyn,  I.N.  Kudin 
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AHICO  IRON  —  Iron  containing  very  small  quantities  of  carbon  and 
other  elements.  Its  chemical  composition  (according  to  GOST  3836-47)  is 

^0.045^C,  _^0.205g.  Si,  Mn,  _^0.030jC  S, 

_^0.025^  P,  j^0.15^  Cu.  Armco  iron  has  low  ulti¬ 
mate  and  yield  strengths  and  a  very  high  plas¬ 
ticity.  The  mechanical  properties  of  bars  (ac¬ 
cording  to  Ferrous  Metallurgical  Technical 
Specification  2^^00-56)  are  as  follows:  >  27 

kg/mm^,  2  =  ^2  kg/mm^,  6^^  ^  26^,  Vr  ^  60^, 
HB(dotn)  ^5*2  mm.  The  mechanical  properties  of 
Armco  iron  at  elevated  temperatures  are  shown 
In  Table  1  and  its  magnetic  properties  in  Table  2. 

Its  physical  properties  are  as  follows:  y  =  7*85  g/cm^;  a  =  12.9  x 
X  10”^  (25-300°),  14.7‘10"^  (25-500°)  1/°C;  X  =  0.131  (100°),  0.124 

TABLE  2 

Magnetic  Properties 
of  Armco  Iron  (ac- 
f'ord^ng  to  OOST  “^^36- 
47,  no  less  than) 
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TABLE  1 

Typical  Mechanical 
Properties  of  Armco 
Iron  (bars)  at  Ele¬ 
vated  Temperatures 
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(200°),  0.116(300°),  0.067(600°)  cal/cin.3ec.°C;  c  =  O.IO6  (25"),  0.124 
(200°),  0.132  (300°).  0.17S(60C“)  v.«l/g.°C. 

Despite  its  high  plasticity  at  room  temperature,  Armco  iron  may 
become  brittle  as  a  result  of  extrene  ferrite-grain  growth  or  when  its 
oxygen  content  is  increased;  in  the  latter  case  the  brittleness  is  ac¬ 
companied  by  fracture  along  the  grain  boundaries,  Armco  iron  may  also 
be  brittle  at  low  temperatures.  The  cold-brittleness  temperature  of 
this  metal  depends  principally  on  the  size  of  the  ferrite  grains.  As  a 
result  of  its  high  plasticity  Armco  iron  can  be  subjected  to  deep 
stamping,  beating,  and  bending;  it  is  only  very  Sxlghtly  less  suscep¬ 
tible  to  cold  plastic  deformation  than  copper  and  is  good  for  all  types 
of  weld?ng.  Aimco  iron  exhibits  reduced  plasticity  over  the  temperature 
rar'C.'^  850-1150°  and  hot  pressure  working  is  consequently  beguii  at  850“ 
or  at  1250-1300°.  This  metal  is  used  for  manufacturing  various  electro¬ 
magnetic  mechanisms  requiring  a  low  coercive  force  and  a  high  magnetic 
induction;  in  many  cases  it  is  employed  for  deep-stamped  components. 
Armco  iron  often  is  used  as  the  initial  material  (charge)  for  produc¬ 
tion  of  alloy  steel.  It  is  expedient  to  employ  the  vacuum  method  in 
producing  Armco  iron  for  the  electronics  Industry,  since  it  permits  a 
substantial  reduction  in  power  consumption. 

References ;  Mes’kin,  V.S. ,  Osnovy  leglrovanlya  stal;  [Principles 
of  Steel  Alloying],  Moscow,  1959- 
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ARMOR  STEEL  —  steel  used  in  the  manufacture  of  armor  plate  to  pro¬ 
tect  tanks,  military  ships  and  aircraft,  engineering  equipment,  etc., 
from  artillery  shells,  shrapnel,  and  small-arms  fire. 

Armor  steel  usually  contains  chromium  (up  to  nickel  (up  to 

3%)f  molybdenum  (up  to  O.S%),  vanadium  (up  to  0.2^),  manganese  (up  to 
and  silicon  (up  to  2^);  the  content  of  carbon  and  specific  com¬ 
plexes  is  determined  by  the  requirements  Imposed  on  the  armor  plate 
for  which  It  is  to  be  used.  The  following  factors  are  taken  Into  ac¬ 
count  In  selecting  the  composition  of  armor  steel:  l)  the  thickness  of 
the  armor.  As  this  factor  Increases  the  strength  which  must  be  imparted 
to  the  armor  steel  decreases.  While  thin  armor  (20  mm)  must  have  a  high 
ultimate  strength,  thick  armor  (200  mm)  has  a  substantially  lower  ul¬ 
timate  strength  and  viscosity  becomes  the  principal  Index.  2)  the  type 
of  shell  to  which  the  armor  will  be  exposed.  Repulsion  of  armor-pierc¬ 
ing  shells  Impacting  perp  !  cu’’ '■..I;  .  _quli’es  an  armor  steel  which  can 
be  specially  heat  treated  to  produce  a  heterogeneous  armor  with  mechan¬ 
ical  properties  that  vary  through  the  thickness  of  the  plate:  high 
hardness  (600  HB)  In  the  foi-n^ard-faclng  surface  layers  and  high 
strength  and  viscosity  In  the  rearward  layers.  When  the  shells  will 
Impact  at  a  large  angle  to  the  perpendicular  the  armor  steel  must  com¬ 
bine  high  strength  and  high  viscosity  In  a  homogeneous  armor  place. 
Protection  against  shrapnel  and  mines  requires  an  armor  steel  with  max¬ 
imum  Impact  strength  at  a  given  ultimate  strength.  3)  Production  tech- 
nolo^.  Fabrication  of  armor-plate  components  from  rolled  sheets  and 
plates  or  by  casting  requires  an  armor  steel  which  satisfies  the  re- 
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qulrements  of  these  production  processes.  The  annor  steel  used  In  weld¬ 
ed  assemblages,  where  the  armor  Is  a  load-bearing  element,  must  exhibit 
satisfactory  weluabiiity  after  heat  treatment  and  minimal  warping  after 
quenching  and  be  suitable  for  cold-stralghtenlng  after  final  heat 
treatment  of  the  plate.  Armor  steel  which  does  not  satisfy  these  re¬ 
quirements  can  be  used  for  suspended  armor. 

The  amor  plate  used  to  produce  heterogeneous  amor  with  variable 
mech£jilcal  properties  differs  quite  widely  In  composition  and  proper¬ 
ties.  Thus,  the  cementable  amor  steel  used  for  this  purpose  has  a  car¬ 
bon  content  detemlned  by  the  required  strength  and  viscosity  of  the 
base  metal  and  the  alloying  necessary  for  hardening  of  amor  of  a  given 
thickness  and  for  production  of  a  carbide  zone  In  the  forward-facing 
layers  as  dictated  by  the  Interaction  of  shell  and  armor.  Amor  steel 
with  a  unlfom  composition  must  have  a  carbon  and  alloying-element  con¬ 
tent  such  that  It  is  possible  to  obtain  amor  with  variable  mechanical 
properties  by  employing  the  following  types  of  heat  treatment;  single¬ 
sided  quenching  by  single-sided  heating  (induction,  gas.  In  salts,  etc.) 
after  preliminary  heat  treatment,  single  cooling  of  a  uniformly 

heated  amor  plate,  a  combination  of  single-sided  heating  and  single¬ 
sided  cooling,  differential  quenching,  step-wise  and  isothemlc  quench¬ 
ing,  and  single-sided  annealing.  The  amor  steel  used  for  laminar  amor 
must  pemlt  casting  of  laminar  Ingots,  pack  rolling,  and  other  lamina¬ 
tion  methods  (see  Multilayer  steel). 

N.M.  Sklyarov 
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ARTIFICIAL  FIBER  -  fibers  fron  natural  poli'^ers  (aclluj-ose,  celiu- 
losic  esters  and  proteins)  «ho3c  r.acromolecules  have  an  extended  shape, 
and  the  polymers  proper  or  their  derivatives  are  soluble  in  accessible 
solvents.  Artificial  fibers  Include  viscose,  acetate,  cupreimnonlum  and 
protein  fibers;  viscose  fibers  are  the  most  extensively  used.  They  are 
used  in  the  textile,  tire,  commercial  rubber  Eind  radio  engineering 
branches  of  industry. 


G.  G.  Finger 
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ARTIFICIAL  FIBER  FROM  CELLULOSE  ESTERS  —  fibers  from  complex  esters 
of  cellulose  and  from  organic  (acetic)  acids.  See  Acetate  Fiber,  Triace¬ 
tate  Fiber. 

L. S.  Gal'braykh 
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ASBESTINE  -  a  white,  often  porous  rock,  a  variety  of  talc.  In  ad¬ 
dition  to  talc.  It  contains  an  admixture  (up  to  25Jf)  of  short-flbered 
tremollte  and  a  varji-lng  admixture  of  carbonates.  Asbestine  is  used  as 
a  filler  In  the  production  of  paints  and  papers;  Its  fibrous  particles 
give  it  an  Increased  mechanical  strength  and  elasticity  and  prevent 
precipitation  of  the  pigment  during  prolonged  storage  of  paints.  Lab¬ 
oratory  tests  In  the  USSR  on  the  use  of  asbestine  as  a  filler  In  anti- 
crust  Ing  dies  in  the  casting  of  nonferrous  metals  have  yielded  positive 
results. 

References i  Trebovanlya  promyshlennostl  k  kachestvu  mineral 'nogo 
syr'ya  [Industrial  Specifications  for  Mineral  Raw  Materials],  No.  1; 
Arshinov,  V.V. ,  Sokolov,  P.N. ,  Tal'k  [Talc],  Leningrad,  1945;  Idem,  2r^ 
Edition,  No.  1;  Chernosvitov,  Yu.L. ,  Tal’k  and  profllllt  [Talc  and  Pro- 
phylllte],  Moscow,  196I. 

P.  P.  Smolin 
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ASBESTOS  —  a  mineral  of  the  serpentine  or  amphlbole  group  with  a 
fibrous  structure,  called  chrysotlle  asbestos  and  amphlbole  asbestos 
respectively;  It  splits  Into  strong,  extremely  fine  fibers  under  mech- 
smlcal  stress.  The  diameter  of  the  elementary  fiber  (crystal)  approxi¬ 
mates  that  of  the  asbestos  molecule,  which  gives  us  grounds  for  regard¬ 
ing  asbestos  as  a  mineral  polymer.  Even  a  highly  distended  fiber  con¬ 
sists  of  an  enormous  number  of  elementary  fibers  under  actual  condi¬ 
tions.  In  chemical  composition  asbestos  minerals  are  hydrated  silicates 
of  magnesium.  Iron,  calcium,  and  sodium.  The  principal  characteristics 
used  In  distinguishing  the  groups  of  asbestos  are  water  content  (from 
13  to  14.5/^  In  chrysotlle  asbestos  and  from  1.5  to  in  amphlbole  as¬ 
bestos)  and  the  index  of  refraction  (less  than  1.6  in  chrysotlle  asbes¬ 
tos  and  more  than  1.6  in  amphlbole  asbestos);  the  amphlbole  group  In¬ 
cludes  5  types  of  asbestos:  crocldollte,  amoslte,  anthophylllte,  actln- 
ollte,  and  tremollte.  Chrysotlle  asbestos  Is  the  principal  commercial 
mineral,  accounting  for  more  than  955^  of  the  world  asbestos  production 
and  more  than  of  that  of  the  USSR.  Crocldollte,  amoslte,  and  antho¬ 
phylllte  are  Industrially  the  most  Important  of  the  amphlbole  asbestos 
group.  The  production  and  consumption  of  actlnollte  and  tremollte  are 
negligible. 

Chrysolite  asbestos  Is  a  hydrated  magnesium  silicate,  its  theor¬ 
etical  composition  being  expressed  by  the  formula  H^^Mg^SigOg.  The  ac¬ 
tual  composition  of  various  deposits  differs  from  the  theoretical  com¬ 
position  by  Inclusion  of  FeO  (which  substitutes  Isomorphlcally  in  the 
MgO  crystal  lattice)  and  contamination  with  other  oxides  (FepO-, 
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CaO,  etc.).  This  mineral  Is  completely  and  rapidly  dehydrated  at  700®, 
which  causes  structural  breakdown  and  loss  of  mechanical  strength.  Com¬ 
plete  dehydration  of  chrysotlle  asbestos  occurs  within  one  year  on  pro¬ 
longed  heating  at  550®.  This  type  of  asbestos  melts  at  -1550®  and  has 
an  Index  of  refraction  of  1.50-1.55;  Its  specific  gravity  varies  from 
2.4  to  2.6,  depending  on  its  crystallization-water  and  Iron  contents. 

A  normal  fiber  Is  easily  broken  down  Into  extremely  fine  elastic  fi¬ 
brils.  Fibers  with  reduced  elasticity  (semlbrlttle  and  brittle  fibers) 
are  encountered  in  deposits  of  chrysotlle  asbestos.  When  elasticity  Is 
normal  the  mechanical  strength  of  this  mineral  is  high  along  the  fiber 
axlsj  It  reaches  365  kg/mm  In  fibers  which  have  not  undergone  deforma¬ 
tion  and  which  have  a  prismatic  shape  and  a  lustrous  surface.  The  fi¬ 
bers  are  deformed  during  mining  and  processing  and  this  causes  their 
strength  to  decrease  to  60-80  kg/nm  .  The  modulus  of  elasticity  of  a 
noinaal  fiber  ranges  from  15. 8 •  10^  to  21*10^  kg/cm^.  Semlbrlttle  and 
brittle  fibers  are  easily  split  and  leas  strong.  When  their  fibrils  are 
loosened  semlbrlttle  fibers  lose  a  large  part  of  their  strength  and 
brittle  fibers  break  up  (the  latter  are  of  no  practical  value).  Fiber 
length  reaches  50-75  mm,  but  the  majority  of  fibers  are  less  than  3  mm 
long.  Chrysotlle  asbestos  Is  not  acid-resistant,  but  alkalies  have  lit¬ 
tle  effect  on  It  (Table). 

The  quality  of  commercial  chrysotlle  asbestos  has  been  standard¬ 
ized  by  00817-60.  The  principal  qualitative  indices  are  average  fiber 
length  and  texture  (degree  of  fluffiness),  content  of  nonflbrous  rock 
Inclusions  In  the  form  of  dust  and  small  fragments,  and  absence  of  the 
brittle  variety.  Commercial  asbestos  Is  divided  Into  grades  and  types 
In  accordance  with  fiber  length  and  texture  and  contamination  with 
rock.  The  Soviet  asbestos  Industry  produces  eight  grades  with  the  fol¬ 
lowing  average  fiber  lengths  in  mm:  Qrade  0  —  more  than  18,  Grade  1  - 
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16,  Qzrade  2  ~  12,  Grade  3-9*  Grade  4  —  5*5*  Grade  5-2,  Grade  6  - 
1.0,  Grade  7  —  fractions  of  a  millimeter.  The  fiber  texture  of  chryso- 
tlle  asbestos  Is  classified  ap  -jnrd,  semlhard,  and  soft.  The  more  com¬ 
pact  the  fibers  In  a  given  grade,  tha  higher  the  quality  of  the  asbes¬ 
tos.  More  than  of  the  entire  Soviet  production  of  chrysotlle  asbes¬ 
tos  Is  used  In  the  manufacture  of  structural  and  Insulating  materials 
and  products  (asbestos-cement  roofing,  siding,  and  sheathing  tiles  and 
sheets,  asbestos-cement  water  and  gas  pipe,  channels,  and  ventilator 
housings,  asbestos-cement  wall  panels,  sanitary  enclosures,  cooling- 
tower  components,  and  special-purpose  products,  asbestos-asphalt  floor 
tiles  and  asbestos  cements,  asbestos  Insulating  materials,  e.g.,  asbes¬ 
tos  cardboard  and  asbestos-magnesium,  asbestos-dolomite,  and  asbestos- 
dlatomaceous  materials  and  products,  and  asbestos-bitumen  roofing  and 
waterproofing  materials).  Asbestos  filters  are  used  In  the  chemical  In¬ 
dustry.  The  majority  of  chrysotlle  asbestos  of  grades  3,  4,  5>  6,  and  7 
is  used  in  the  production  of  asbestos  structural  and  Insulating  pro¬ 
ducts  and  materials.  The  next  basic  group  consists  of  asbestos  mater¬ 
ials  and  products  used  in  machine  building,  electronics,  and  heating 
plants.  These  can  be  subdivided  Into:  l)  textiles  produced  from  the 
longest-flbered  grades  of  cb^vsotlle  asbestos,  up  to  grade  3  (asbestos 
yam,  thread,  and  cloth  products).  As  much  as  20^  cotton  fiber  Is  added 
to  Increase  product  strength;  In  manufacturing  certain  types  of  fabric 
asbestos  yam  is  twisted  with  metal  wire;  2)  fomed  articles  produced 
from  Grades  3-6,  with  organic  and  Inorganic  binders  added. 

The  principal  products  manufactured  from  chrysotlle  asbestos  are: 
l)  friction  products  -  molded  braice  shoes  produced  from  a  mixture  of  as¬ 
bestos  and  synthetic  rubber,  ;-'oven  brake  bands  Impregnated  with  bitumen 
or  oil,  woven  or  molded  asbestos-bakellte  brake  linings,  which  are 
pressed  on  latex  synthetic  rubber  or  molded  or  rolled  on  synthetic  rub- 
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ber,  friction  rings  of  woven  asbestos-bakellte,  asbestos-bakellte  mold¬ 
ed  or  pressed  on  synthetic  latex,  or  asbestos-bakellte  cardboard,  and 
friction  plates  of  woven  asbestos  or  asbestos  cardboard  Impregnated 
with  bakellte.  2)  woven  and  rolled  asbestos  packing  glands,  annular 
packings  (cups  of  cut  asbestos  fabric,  cut  asbestos-aluminum  rings).  3) 
asbestos  packings;  asbestos-steel  sheets,  paronlte  (asbestos-rubber 
sheets),  cut  strips  of  asbestos  fabric,  metal-wlre-relnforced  asbestos 
linen,  cut  and  ruled  (see  Reinforced  linen),  asbestos-cardboard  pack¬ 
ings,  feronlte  (packing  sheets  consisting  of  asbestos,  rubber,  a  filler, 
and  a  metal  grid).  4)  asbestos  electrical-insulating  materials:  Insu¬ 
lating  paper  and  cardboard,  sheets  of  Insulating  asbestos  fabric,  elec- 
tronlt  (asbestos-rubber  sheets),  bulk  electronit.  5)  asbestos  heat- In¬ 
sulating  materials:  asbestos  cord,  asbestos  Insulating  paper,  asbestos- 
magnesium  cord,  beaten  asbestos  fiber.  6)  asbestos  filter  materials: 
filter  fiber,  filter  plates,  sterilization  plates. 


Solubility  of  Asbestos  Min¬ 
erals  In  Acids  and  Alkalies 
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l)  Asbestos  minerals;  2) loss  of  weight  (JK)  after  treatment  for  528  hr 
In  255^  solution  at  26";  3)  chrysotlle  asbestos;  4)  crocldollte  asbes¬ 
tos;  5)  amoslte  asbestos;  6)  anthophylllte  asbestos. 

Crocldollte  asbestos  Is  a  fibrous  variety  of  rlebecklte  and  has 
the  theoretical  composition  3H20»2Na20»6  (Pe,  Mg)  0»2Pe202»17S102;  It 
has  a  hardness  of  4,  an  index  of  refraction  of  1.7,  a  specific  gravity 
of  3* 2-3- 3,  a  mechanical  strength  somewhat  higher  than  that  of  chryso- 
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tile  asbestos,  and  an  average  fiber  length  greater  than  that  of  chryso- 
tile  asbestos. 

Amoslte  asbestos  Is  a  hydrated  ferromagneslum  silicate  with  an  Ir¬ 
regular  chemical  composition;  It  has  a  hardness  of  3.3*’6,  an  Index  of 
refraction  of  1.64,  a  specific  gravity  of  3- 1-3. 25,  and  a  mechanical 
strength  one.>thlrd  that  of  crocldollte  asbestos.  Its  acid-  and  allcall- 
resistance  are  satisfactory,  but  somewhat  lower  than  that  of  crocldo¬ 
llte  asbestos  (Table).  Amoslte  asbestos  has  the  longest  fibers  of  the 
simple  types  of  asbestos,  the  fiber  length  reaching  300  mm  (averaging 
from  12  to  70  mm);  the  fibers  are,  however,  less  elastic,  more  rigid, 
and  more  difficult  to  split  than  those  of  crocldollte  asbestos. 

Anthophylllte  asbestos  is  a  ferromagneslum  hydroslllcate  with  the 
chemical  composition  (Mg,  Pe)^»Sl0O^2«(OH)2;  It  has  an  Index  of  refrac¬ 
tion  of  1.6l,  a  specific  gravity  of  2.85-3.11,  and  a  very  high  chemical 
stability  (Table).  This  permits  Its  use  In  asbestos  filters.  In  chemi¬ 
cal  laboratories,  and  In  certain  chemical  manufacturing  processes. 

Crocldollte  asbestos  Is  used  In  the  production  of  chemically  sta¬ 
ble  asbestos  products  In  the  chemical  Industry  (linings,  packings,  fll- 
tero,  etc. )  and  a'l  an  additive  to  chrysotile  asbestos  In  the  manufac¬ 
ture  of  asbestos-cement,  products  and  heat- Insulating  materials.  Amoslte 
asbestos  Is  used  in  the  same  types  of  products  as  crocldollte  asbestos, 
except  In  textiles,  anthophylllte  asbestos  Is  employed  primarily  In  the 
production  of  equipment  for  the  chemical  Industry  and.  In  certain  coun¬ 
tries,  as  an  additive  to  chrysotile  asbestos  In  the  manufacture  of  as¬ 
bestos-cement  products. 

Inferences ;  Trebovanlya  promyshlennostl  k  kachestvu  mineral 'nogo 
syr'ya  [Industrial  Specflcatl  for  Mineral  Raw  Materials],  No.  5, 
Sokolov,  P.N.  and  Shneyder,  .  ,  Asbest  [Asbestos],  Moscow,  1959; 


306 


Sinclair,  W. 
don,  1955. 


. ,  Asbestos,  Its  Origin,  Production  and  Otlllaatlon,  Lon- 


N.N.  Sokolov 
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ASBBBTOS  CARDBOARD  -  Is  a  fireproof  Insulating  material  whose  main 
component  is  the  fiber  of  chrysotile  asbestos.  It  is  delivered  in 
•heats  (dimensions  of  the  sheets  in  mm:  500  x  90O;  900  x  1000,  and  1000 
X  1000).  I^e  thickness  of  the  cardboard  is  2-10  mm,  the  heat  conduction 
coefficient  at  20*  is  0.18-0.21  kcal/hr^m* degree.  It  is  used  for  the 
protection  of  wood  constructions  against  fire,  as  a  lining  for  indus¬ 
trial  furnaces,  for  the  heat  Insulation  of  pipelines  and  hot  surfaces 
with  temperatures  from  150  to  500*,  as  a  packing  material  in  flanges  of 
the  connection,  pipelines  of  petroleum  refineries  and  other  plants.  In 
connections  with  a  low  pressure  up  to  I6  kg/cm  and  temperatures  up  to 
300*,  the  asbestos  cardboard  is  used  as  a  soft  packing.  At  higher  pres¬ 
sures,  up  to  40  kg/cm^,  and  at  temperatures  up  to  300*450*,  asbestos- 
metallic  packings  are  used,  consisting  of  a  soft  corrugated  metal  shell 
and  a  filler  from  asbestos  cardboard. 

The  physlcomechanlcal  properties  of  asbestos  cardboard  are  listed 
in  the  Table. 
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It  Is  delivered  according  to  GOST  2850-58. 

References:  Kltaytsev  V.A. ,  TeKhnologlya  teplolzolyatslonnylch  ma- 
terlalov  [Technology  of  Heat-Insulating  Materials],  Moscow,  1959; 
Neftyanoye  oborudovanlye  [Equipment  for  the  Petroleum  Industry],  Vol.  5# 
Moscow,  1958. 

Ye.O.  Vagina 
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CORDS  AND  ASBESTOS  THREAD  -  are  manufactured  from  chryso- 
flbers  combined  with  cotton.  The  types  and  the  character- 
cords  are  listed  in  the  Table. 


Types  and  Characteristics 
of  Asbestos  Cords 
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1)  Cord  diameter  (mm);  2\  weight  of  the  running  meter  (g),  not  more 
than;  5)  asbestos  cord;  4)  asbestos-magnesia-cord;  5)  asbestos-cotton- 
cord. 


ASBESTOS 
tile-asbestos 
istlcs  of  the 


Asbestos  thread  is  manufactured  with  diameters  of  0,5  to  2.5  nun. 
Asbestos  cords  and  asbestos  thread  with  a  diameter  of  up  to  6  mm  are 
twisted  from  one  or  more  single  yarns;  such  with  a  diameter  greater 
than  6  mm  are  manufactured  from  asbestos  thread,  varn  or  rove  entwined 
with  asbestos  thread  or  yarn.  Asbestos-magnesia  cord  is  manufactured 
by  entwining  asbestos  thread  around  a  core  composed  of  magnesia  and  as¬ 
bestos  draw  thread.  Asbestos-cotton  cord  is  formed  from  a  core  of  card¬ 
ed  asbestos  sind  cotton  fibers  and  entwined  with  asbestos  or  cotton 
thread.  The  loss  in  weight  after  roasting  at  700°  must  not  surpass  32^ 
for  asbestos  cord  and  asbestos  thread,  and  22.5^  for  the  cover  braid¬ 
ing  of  the  asbestos-magnesia  cord;  the  coefficient  of  heat  conductiv¬ 
ity  is  O.OSO  for  asbestos-cotton  cord;  0.100-0.128  for  asbestos  cords 
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with  a  core  of  asbestos-cotton  cord,  and  O.150  kcal/m»hr*®C  for  asbes¬ 
tos  cords  with  an  asbestos-cord  core.  Asbestos  cords  are  used  as  a  pack¬ 
ing  to  stuff  boxes  of  objects  used  to  work  In  a  nonaggresslve  medial; 
asbestos -magnesia  cord  and  asbestos-cotton  cord  are  used  as  a  basic 
heat  Insulation.  Asbestos  cord  Is  used  as  a  heat-resistant  packing  ma¬ 
terial  to  seal  manholes,  flanges,  molds  for  steel  casting,  etc.  Asbes¬ 
tos  cord  and  asbestos  thread  can  be  used  for  a  long  time  at  tempera 
tures  which  do  not  exceed  400®. 


N.T.  Dodonov 
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ASBESTOS  FABRIC  -  is  made  by  Interweaving  warp  and  weft  asbestos 
threads  on  a  loom^  according  to  GOST  6102-52.9  brands  are  produced.  In 
addition  to  fabrics  provided  for  in  the  GOST,  the  industry  produces 
sealing,  asbestosmetaliic  and  asbestosglass  fabrics  in  accordance  with 
individual  TU.  The  characterization  of  fabrics  is  presented  in  the  table, 
Indicators  of  Asbestos  Fabrics 
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1)  Brand;  2)  width  (mm);  3)  thickness  (mm,  not  more  than);  4)  weight 
of  1  m^  (g,  not  more  than);  5)  rupture  length  of  a  50  x  100  mm  strip 
(kg,  not  less  than);  6)  losses  on  calcining  at  700°  [%,  not  more  than); 
7)  NM;  8)  AST. 


Following  are  the  uses  of  asbestos  fabrics:  the  AT-1,  AT-2  and  AT-3 
fabrics  are  used  as  a  filler  in  making  heat  resistant  asbestos  plastics 
for  electrical  Insulation  and  construction  purposes;  AT-4  is  used  in 
the  production  of  rubberized  items  of  industrial  equipment  (asbestos 
lining  strips,  rolled  up  packing  gland  mater\.al,  packing  rings  and  V- 
shaped  rubber  packing  rings)  and  as  heat  insulation  of  surfaces  up  to 
300°;  AT-5  is  used  as  a  filler  in  making  friction  linings  and  clutch 
rings  for  automotive  and  other  engines;  it  is  made  from  asbestos  yarn 
with  brass  wire  and  is  Impregnated  in  various  compounds;  AT-6,  which 
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Is  distinguished  by  high  mechanical  strength  and  a  low  cotton  content 
is  used  as  diaphragms  In  electrolltlc  processes  as  well  as  for  heat  In¬ 
sulation  of  surfaces  up  to  600*j  AT-7  Is  used  as  a  sheatlng  material 
In  the  production  of  mats  with  loose  fillers;  the  mats  are  used  for 
heat  insulation  of  surfaces  up  to  500®;  AT-8  and  AT-9  are  used  as  heat 
insulation  up  to  400  and  3OO®,  respectively.  The  OT,  1,  OT-2  etnd  OT-2/35 
sealing  fabrics  are  distinguished  by  high  elongation  at  break  and  are 
used  in  making  shock  absorbing  pads  for  special  mechanisms.  Ihe  NM-IO 
and  NM-12  asbestosmetalllc  fabrics  (with  brass  wire)  are  used  in  making 
asbestos  textollte  and  engine  gaskets.  The  AST-1  and  AST-4  asbestos- 
glass  fabrics  (with  a  continuous  nonalkallne  glass  thread)  are  distin¬ 
guished  by  a  high  mechanical  strength,  heat  resistance  and  low  weight 
and  are  the  replacements,  respectively,  of  the  AT-7  and  AT-8  asbestos 
fabrics.  The  thermal  conductivity  coefficient  (X)  of  the  AT-6,  AT-7> 

AT, 8,  AT-9,  AST-1  and  AST, 4  fabrics,  which  Is  determined  by  the  pipe 
method,  when  not  less  than  3  layers  are  placed,  can  be  expressed,  de¬ 
pending  on  the  average  temperature  (tg^.),  by  the  formula: 

v  =  0,120 +-o,ooo2o<tF'  kcal/m-hour-°C 

References;  Poyarkov,  A. S.,  Vovoya  tekhnologlya  pryadenlya  azbes- 
ta  [The  New  Asbestos  Spinning  Technology],  Moscow,  1959* 

N.  T.  Dodonov 
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script 

Page 

No. 

312 

Ty  = 

312 

rocT 

312 

312 

AT  = 

OT  = 

[Tremslite rated  Symbols] 

TU  =  tekhnicheskiye  uslovlya  =  technical  specification 

=  GOST  =  Gosudarstven.nyy  obshchesoyuznyy  standart  »  All- 
Union  State  Standard 

AT  =  azbestovaya  tkein'  =  asbestos  fabric 
OT  =  obtyuratornaya  tkeui’  =  sealing  fabric 
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ACT  -  AST  =  azbosteklyanaya  tkan’  =  asbestosglass  fabric 
cp  =  sr  =  srednyaya  =  average 


n2 
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ASBESTOS  FIBER  --  is  produced  of  three  types:  beaten,  combed  and 
filter  fiber.  Beaten  fiber  is  serpentine  asbestos,  which  corresponds  in 
its  starting  state  to  GOST  7-60,  treated  in  a  vertical  opener  for  separ¬ 
ation  of  fibers.  Asbestos  of  grades  3-5  with  rough,  semirough  and  soft 
textures  is  used  for  obtaining  beaten  fibers.  Beaten  fiber  is  produced 
according  to:  TU  MKhP  323-N  (grades  3-5)]  TU  35-KhP-38l-6l  (Zh-3-40, 
P-3-50,  P-3-60,  P-3-70,  M-5-60)j  TU  MKhP  ShAU  41-54  (Zh-3-40,  P-3-60, 
P-30-70).  The  losses  due  to  firing  of  processed  fiber  at  700*  should 
not  exceed  l4^  and  the  moisture  content  should  not  be  higher  than  65^; 
it  is  used  for  filling  of  Insulation  mats  and  in  the  pure  form  for 
thermal  insulation  and  as  a  component  part  of  insulation  mixtures. 

Combed  fiber  differs  from  beaten  fiber  by  its  greater  fiber  length 
and  the  degree  of  separation.  It  is  produced  from  rough  texture  grade 
1-3  serpentine  asbestos.  The  fiber  is  processed  by  edge-runner  mills, 
vertical  opener  and  a  carding  machine.  Combed  fiber  is  used  as  a  heat- 
resisteuice  reinforcing  filler  in  the  production  of  plastic  materials 
and  should  meet  the  following  basic  requirements:  hygroscopic  moisture 
up  to  45^,  losses  due  to  firing  at  7r>o®  up  to  151^,  iron  content  of  the 
asbestos  up  to  4$^.  The  combed  fiber  is  produced  according  to  TU  ShAU 
52-55  from  brand  Zh-3-40  asbestos  and  according  to  VTU-35-KhP-383-6l 
from  brand  Zh-1-50  and  Zh-1-38  asbestos. 

Filter  fiber  represents  a  homogeneous  mixture  of  grade  4  serpen¬ 
tine  asbestos  and  bleached  sulfite  pulp,  separated  in  a  beater  into 
thin  fibers.  Filter  fiber  is  produced  according  to  TU  MKhP  331-S,  brands 
bei.Tg  YaK-l,  YaK-2  and  YaK-3,  and  has  the  following  characteristics; 
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TABLE 


2noi«pn  Mea  npa 
npoHuaMMRa 
npa  700* (%) .  . 
<^anioeTk  (%) .  • 
upaiMaatTea  uia 
•amTpaoaa  _ 

HiBAKOeTai  ‘P  • 


hk-»2^ 


26-S4 
Ho  •. 


Emctpo* 

WKyii^i 


RK-2 


ei-7* 
Ao  • 

k 

Basaas 


HK-S 


5»-6» 

AO  a 
4 

CpeaHeH 

MSKocra 

_ 8- 


1)  YaKj  2)  weight  loss  when 
fired  at  700“  H);  3)  mois¬ 
ture  content  (56);  4)  up  to; 
5)  used  for  filtering  of 
fluids;  6}  free-flowing;  7) 
viscous;  o)  of  medium 
viscosity. 


E.  S.  Popova 
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iUSBESTOS  FRICTION  MAT£RIAI£  -  materials  used  in  the  manufacture  of 
elements  of  braking  units  intended  to  absorb  the  kinetic  energy  of  op¬ 
erating  machines  (to  half  movement)  or  to  transfer  motion  from  one  part 
of  a  machine  to  another.  Asbestos  friction  materials  and  products  con¬ 
sist  of  asbestos,  powdered  fillers  (barite,  iron  minium,  ground  quartz, 
corundum),  binders  (bitumen,  linseed,  tung,  and  perllla  oils,  synthetic 
rubber,  latex,  phenol-formaldehyde  resins),  metal  filaments  or  rods, 
and  other  additives.  Under  operating  conditions  asbestos  friction  mat¬ 
erials  are  subject  to  static  and  dynamic  stresses,  the  high  tempera¬ 
tures  produced  during  friction,  and  wear.  Asbestos  friction  materials 
and  products  fabricated  from  them  should  have  a  high,  stable  coeffi¬ 
cient  of  friction  and  a  high  wear*- ires  is  tance,  but  should  not  scratch  or 
abrade  the  surface  with  which  they  are  In  contact.  A  decrease  in  coef¬ 
ficient  of  friction  during  operation  at  elevated  terns  ‘^natures  makes 
braking  devices  unreliable.  The  principle  types  of  asbestos  friction 
materials  and  their  compositions  and  applications  az*e  shown  in  Table 
1  and  their  physical  and  mechanical  properties  In  Table  2;  Tables  3  and 
4  show  the  thermal  and  pjcesslng  properties  of  ceirtaln  asbestos  friction 
materials. 

Investigation  of  various  asbestos  friction  materials  has  shown 
that  each  of  them  has  a  critical  temperature  above  )#iich  the  coeffi¬ 
cient  of  friction  dreps  off  sharply.  Thus,  the  majority  of  materials 
with  rubber  blndere  have  critical  temperatures  of  220-250*,  while  those 
based  on  phenol-formaldehyde  resins  have  critical  temperatures  of  260- 
280*.  The  blrxJers  of  6KKh-l  and  7KP-31  bum  off  at  temperatures  above 


317 


I-85al 


TABUS  1 

Principal  Tyi.es  of  Asbestos  Friction  Materials  and 
Their  Compositions  and  Applications 


Mtpiia  ^ 

2  coeraa 

^  npaMeaaaaa 

•KX.| 

4 

C»HTrT«i.  KiyiyK,  nMMk  naiiKa, 

wr.n'.wijfl  cyitMN 

10 

1 

Topanaaivp  aaaaaaaa  ipyaoaMi  aarnaO' 
Caaaa,  jicAtaoN 

TK«-II 

5 

Carrenn.  Kiy^yH,  MpetMkaaa  cmom. 
mnci.  naNicii,  aaryNMaa  erpywaa 

11 

- x? - 

Koai.iia  ciienaeaaa  rpywaui  anrotaeaMta 

16 

•KiciO 

6 

CNMTrTn<i.  nayoiyK,  acAMT,  OKaei.  naHaa, 
NttJiraauli  cypaa 

in 

fteAnmiANMA  AritTA  vm  A^tpoWHlil  N>! 
mflit  i 

1 

_ L 

BnnoaaacTMt  aefiacr,  apaiiaraaaufl  pt- 
aoai  aoA  c«,na<>ft 

12 

a, 

•paai^BonaiM  aaaaaaaa  a  anaoaaa 

13 

8 

HoaoaaarTMA  iiponBTaaaua  iptuna- 

>>opaaA>.trrNJNoli  ratianA.  rpa'pnT 

13 

Aaiaaa.  oCccncaaHananw  Apaaiiananoa 
aca<i#apoaaaaa  npa  xaSpaiiaat  a  yeata 
aan«  cyioro  rpeaaa  no  a«p>a.iieaHuaA 
eraaa.  Koa4#.  rpcaaa  ac  eraiftaaea 

IQ 

K>ll7.}7n 

9 

AeOacT.  iiiainBraaaMA  paaaaaaoA  eMoaoA, 
aaryaaaa  erpyiaaa 

14 

•paatiaoaauc  aaaaaaaa  a  aoaaa*  ancaa* 
patopoa 

20 

K-i»-a 

A'^acT.  npniiaraauuA  pr.ioaaiioa  ewua'  a. 
Oapat.  anaarpoaopyaa.  aaTyMnaii 

erpyjaaa 

24 

Matfpaia  c  noHMiorMaMM  a  CTaOaaaaua 
ao>.p#  Tpeaaa  aan  ryceaaaaux  aauiaa 

?Q 

T*-*  (K-IVI3) 

ArSffT,  paaoaaaaa  caoaa,  aatyaaaa 
CTpymaa.  Aapar 

25 

TponaaocroAanr  ippaauaoaaue  uuaMta 
e  noNMoeaaoA  npoaaocTijo  aa  yaap 

etniMam; 

•K.2IA 

2^) 

9raaa^.ia  raoaa,  wo.ia  yaraimaaaaaa 
aaHa|<ul,a>,  xOacr,  aaryaNaa  rrpy.aaa. 
Aapnt 

^aii-iiaiaa  raoM,  aflaa-lnnapoMaaaa 
aaaaiHuii  a).  Oapar  ()W'a  aarya 

aoa  erpyaiaa) 

_  jao  _  _ 

3© - 

j  Tnpaoaaur  ycTpoPcTaa  m>raio«tBx  »i«ri:a- 
,  MTopoK,  Bypouat  .t«Ara<'a. — 

1  a  TiipaoJaMi  yerpoacruax  cawvwToa 

V  31 

.lenTi  TOpwoMan  rwaKi..  cnjiPT^iiifa**  j  •»  vria- 

1  H  i.tTywwnft  npoiMk.v>' M,  1  umiuji.  Tun  H  w  «  lariamia* 

i  np»-*>i»T4MHaw  <t«h  AK  nai  11  smtom  >»* 

t  tiunt  1  yw oauw  111  41*  (twnl.i.  . 

\  Trp*«»>»/  p  »ftOT4MMWf  1 

....  _ 23  ! 

l)  Tyoe;  2)  composition;  3)  application;  4)  6KKh-l;  5)  7KP-31;  6)  6KV- 
10;  7)  KP-3  and  KF-3M;  8)  KF-30;  9)  K-217^57P;  10)  synthetic  rubber, 
asbestos,  zinc  oxide,  iron  mlnlam;  11)  synthetic  r"jbber,  cresol  resin, 
zinc  oxide,  ij?on  mlnlor. ;  12)  fibrous  usbestos  impregnated  with  resol 
resin;  13)  fibrous  asbestos  Impregnated  with  phenoi-fomaldehyde  resin, 
graphite;  14)  asbestos  Impregnated  with  resol  resin,  brass  rod;  15) 
brake  linings  for  trucks  and  winches;  16)  clutch  collars  for  trucks; 
rolled  belting  for  road-build Ing  macnlnery;  IS)  friction  linings  and 
shoes;  19)  components  Intended  to  provide-damping  of  vibration  in  dry 
friction  over  stainless  steel;  coefficient  of  friction  unstable;  20) 
friction  linings  and  collars  for  excavators;  21)  TP-2  (K-I5-I3);  22) 
z*etlnaks :  FK-I6L,  (K-236-58),  PK-24A;  23)  asbestos  brake  bands;  24)  as¬ 
bestos  Impragnated  with  resol  resin,  barite,  corundum,  brass  rod;  25) 
asbestos,  resol  resin,  brass  rod,  barite;  26)  phenolic  resin  modified 
with  colophony,  asbestos,  brass  rod,  barite;  27)  phenolic  resin  modi¬ 
fied  with  colophony,  asbestos,  barite  (without  brass  rod);  28)  asbestos 
fabric  woven  of  asbestos  thread  and  brass  wire.  Impregnated  with  bltu- 
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men  (type  A)  or  linseed,  tung,  or  other  oil  (type  B),  and  heat-treated; 
29)  material  with  high,  stable  coefficient  of  friction  for  caterpillar 
machinery;  30)  friction  collars  with  high  Impact  strength  for  tropical 
use;  31)  braking  devices  for  walking  excavators  and  drill  winches;  PK- 
16L  -  braking  devices  for  aircraft;  32)  linings  for  various  braking 
mechanisms;  type  B-  principally  In  tractor  and  automobile  mechanisms. 


TABLE  2 

Physical  and  Mechanical  Properties  of  Asbestos  Friction  Materials 


I)  Type;  2)  specific  gravity;  3)  Brlnell  hardness  (kg/nr.^):  4)  coeffi¬ 
cient  of  friction  (no  less  than);  5)  wear  over  2  hrung);  o)  short-term 
resistance  to;  7)  static  bending;  8)  shear:  9)  tension;  10)  compression; 

II)  kg/c»2;  12)  Impact  strength  (kg*cm/cm2| ;  13)  water  absorption 
(g/dn2,  no  more  than);  14)  oil  resistance  {%);  I5)  Martens  thermostab¬ 
ility  CC,  no  leas  than):  I6)  6JaCh-l :  17)  7KP-3I;  I8)  6KV-10;  19)  ICF-3; 
20)  KP-3M;  21)  KF-30:  22)  X-217-57P;  23)  TF-2  (K-I&-I3);  24)  retlnaks; 
25)  PK-16L  (K-236-58);  26)  PK-24A:  27)  asbestos  brake  bands;  20)  up  to; 
29)  no  less  than. 


TABLE  3 

Themal  Properties  of  Cer- 
taii;  Asbestv^s  Frlctlori  Ma¬ 
terials 


^  tf  r«  • 


1)  Index:  2)  Type;  3)  KB-d;  4)  rK~lCl.  3)  PK-24A;  6)  ceefriclc.-.t  of 
linear  expanalon,  3-lC~^;  t)  heat  c.apaclty  (<calAg»*C);  thrrral 
condjctlvlty  {kcal/r-hr«‘C). 
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250*,  while  K-217-57P  Is  resistant  to  300*.  Exceptions  to  this  rule  are 
retlnaka,  Ki-15-6,  and  TP-2  (K-15-13)*  The  coefficient  of  friction  of 
retlnaka  drops  at  180*,  but  stabilizes  at  2OO-350®;  on  prolonged  expo¬ 
sure  to  high  tefflperatujres  the  coefficient  of  friction  Increases  with  no 
majriced  reduction  In  durability.  K-15-6  and  TP-2  (K-15-13)  have  stable 

coefficients  of  friction  which  remain  almost  unchanged  at  sliding 

2 

speeds  of  up  to  30  m/sec  and  loads  of  up  to  10  kg/cm  .  TP-2  Is  stable 
under  tropical  conditions.  At  temperatures  of  up  to  900°  the  coeffl- 

TABLE  4 

Pressing  Properties  of  Cer¬ 
tain  Asbestos  Prlctlon  Ma¬ 
terials 


«4ap«a  2. 

nn  Ptmmrf 

2  ^ 

Ve»3iij  p<- 
WTMn  (%, 

caw) 

4  1.0-3 . 

... 

3  KO-3M  • 

♦>.  « 

— 

0.2 

7  to-: . 

0  2 

g  Oli-ii.l  . 

0.2 

1)  Type:  2)  Raushlg  yield 
than;  4)  KP-3;  5)  KP-3M;  6 


(nun);  3)  calculated  shrinkage  (^, 
)  K-217-57P;  7)  TP-2;  8)  PK-I6L. 


no  more 


dents  of  friction  of  K-1^6  and  TP-2  are  somewhat  higher  than  that  of 
retlnaks.  Products  fabricated  from  asbestos  friction  materials  should 
not  crack,  exfoliate,  or  crumble  when  drilled  or  countersunk  under  riv¬ 
ets  or  when  riveted  to  metal  shoes  or  disks.  Such  products  can  be  clas¬ 
sified  as  net,  woven,  molded,  pressed,  or  i^jlled,  depending  on  the  pro¬ 
cess  employed  In  their  manufacture.  Moi^  than  50  asbestos  friction  ma¬ 
terials  have  been  assigned  names. 


Referer.  cea :  Povyshenlye  effcktlvnostl  tonr.oznykh  ustrolstv.  Svoy- 
stva  frlktslonnykh  r.aterlalcv  [Increasing  the  Efficiency  of  Braking  De¬ 
vices.  Properties  of  Prlctlon  Materials),  collection  of  articles,  Mos¬ 
cow,  1959;  Bulanov,  A. A.,  Prlktslonnyye  materlaly  [Prlctlon  Materials], 
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Moscow.  1958;  Chlchlnadze,  A.V. ,  Troyanovs kaya,  O.I.,  Temperatu2?noye  po¬ 
le,  koeffltslvent  trenlya  1  Iznos  frlktslonnykh  par  [Temperature  Field, 
Coefficient  of  Friction,  and  Wear  of  Friction  Pairs],  Moscow,  1957* 

M.S.  Krol' 
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ASBESTOS  PAPER  —  a  roll  material  manufactured  from  chrysotlle  as¬ 
bestos  fiber  with  starch  added  as  a  binder.  Cellulose  or  synthetic  la¬ 
tex  Is  added  to  the  mass  for  certain  types  of  paper.  The  asbestos-fiber 
content  of  this  material  ranges  from  76  to  96%.  Several  types  of  asbes¬ 
tos  paper  have  been  developed:  heat- Insulating,  waterproofing,  membrane, 
electrlal-lnsulatlng,  and  calendar-roll. 

Heat- Insulating  asbestos  paper  (GOST  2630-44)  Is  produced  In  rolls 
670,  950,  and  1150  mm  wide  and  0.3>  0.4,  0. 5,  and  0.65  mm  thick  and  In 
sheets  1000  x  950  mm  In  size  and  0.5#  1.0,  and  I.5  mm  thick.  The  weight 

O 

of  1  m  of  paper  O.65-I  mm  thick  Is  no  more  than  1250  g;  Its  coeffi¬ 
cient  of  theimal  conductivity  Is  O.1350  kcal/m.hr»“C.  The  loss  during 
heating  at  700-750°  Is  rio  more  than  17^.  The  tearing  length  for  paper 
O.65-I  mm  thick  Is  no  less  than  I60  m  along  the  fibers  and  70  m  across 
them..  This  paper  Is  used  at  temperatures  of  no  more  than  500°.  Water¬ 
proofing  asbestos  paper  (TU  MKhP  64-N)  Is  manufactured  with  an  admix¬ 
ture  of  cellulose  and  produced  In  rolls  950  mm  wide  and  O.65  mm  thick. 

It  Is  Impregnated  with  oxidized  petroleum  bitumens  (gldrolzol)  and  used 
as  a  waterproofing  layer  for  subterranean  and  other  structures,  as  an 
anticorrosion  covering  for  metal  pipes,  and  to  protect  the  surface  of 
foundations  from  moisture.  The  asbestos  base  of  gldrolzol  makes  It  rot- 
proof  and  comparatively  fire-resistant.  The  Impregnability  of  this  pa¬ 
per  Is  determined  from  Its  ability  to  absorb  kerosene,  which  should  be 

2 

no  less  than  72%.  The  weight  of  1  m  of  this  material  Is  no  less  than 
400  g;  Its  loss  In  weight  on  heating  at  700-750°  Is  no  more  than  30%, 
while  Its  tensile  strength  Is  no  less  than  450  g/mm  .  Asbestos  membrane 
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paper  (TU  MKhP  258-55p)  is  used  for  membranes  In  the  electrolysis  of 
aqueous  solutions  of  the  chlorides  of  alkaline  metals.  It  should  have 
a  definite  strength  and  porosity.  It  is  produced  in  rolls  915  and  950 
mm  wide  and  0.65  mm  thick  and  has  a  tearing  length  of  no  less  than  36O 

O 

m  along  the  fibers  and  I80  m  across  them;  1  m  of  the  paper  weighs  450- 
600  g.  The  transverse  permeability  of  1  m  of  a  single  layer  to  water 
is  2000-3000  cm^/mln  at  20°  and  700  mm  HgO.  The  latest  electrolyzer  de¬ 
signs  utilize  a  layer  of  asbestos  fiber  instead  of  asbestos  paper. 
Electrical-insulation  asbestos  paper  (OOST  9426-60)  is  produced  in 
thicknesses  of  0.2,  0.3,  0.4,  0.5,  0.8,  and  1.0  mm,  with  corresponding 
breakdown  voltages  of  1200,  1400,  I700,  2000,  2300,  and  2500  v.  Varnish- 
impregnated  paper  is  used  for  between-tum  insulation  in  coils  and  in 
the  manufacture  of  laminated  plastics,  impregnation  promotes  an  in¬ 
crease  in  electric  strength  from  3-5  kv/tem  to  5-10  kv/mm,  in  deep  re¬ 
sistance  from  10®  to  10^*^-10^^  ohms/cm,  and  in  specific  skin  resistance 
from  10'  to  10^-10  ohms.  The  bulk  weight  of  this  paper  does  not  ex¬ 
ceed  0.5  g/cm^,  while  its  loss  in  weight  on  heating  at  700-800°  is  no 
more  than  255^.  The  Pe^Oj^  content  of  such  paper  is  no  more  than  3*45^. 
Calendar  asbestos  paper  (TU  MKhP  3921-55)  is  Intended  for  lining  the 
calendar  rolls  used  in  the  manufacture  of  capacitor  paper.  In  order  to 
give  this  paper  high  strength  and  elasticity  semlpulped  cotton  and  syn¬ 
thetic  latex  are  added  to  it.  The  final  rolls  contain  paper  720,  8OO, 
and  1080  mm  wide  and  0. 2-0. 3  mm  thick,  whose  tearing  length  is  no  less 
than  450  m  in  either  direction  (longitudinal  or  transverse).  Its  loss 
in  weight  on  heating  at  700-800°  is  34-40Jlf. 

References:  Kltaytsev,  V.A. ,  Tekhnologlya  teplolzolyatslonnykh  ma- 
terlalov  [Technology  of  Heat-Insulation  Materials],  Moscow,  1959; 
Spravochnlk  po  elek.rotekhnlchesklm  materlalam  [Handbook  of  Electrical 
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Materials],  Vol.  1,  Part  1,  Moscow,  1958;  Stender,  V.V. ,  Dlafragmy  dlya 
elektrollza  vodnylh  rastvorov  [Membranes  for  Electrolysis  of  Aqueous 
Solutions],  Moscow-Lenlngrad,  1948. 

Ye.G.  Vagina 
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ASBODINE  —see  Pulk  electronite. 
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ASBOPLASTIC  -  a  plastic  material  reinforced  with  a  filler  of  as¬ 
bestos  fibers y  used  In  the  manufacture  of  components  with  a  high  heat- 
resistance  and  mechanical  strength.  Asboplastlcs  are  divided  Into  the 
following  groups:  laminar  plastics,  asbovoloknlts,  and  true  asboplas¬ 
tlcs  based  on  asbestos  fiber  or  mats  preliminarily  molded  Into  the  prod¬ 
uct.  Parallel-fiber  asbestos  of  filamentous  crystals  Is  the  primary  raw 
material  In  the  production  of  asboplastlcs.  The  physical  and  mechanical 

Physical  and  Mechanical  Properties  of  Asboplastlcs 
Based  on  Dlff extent  Resins 
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laminar  plastic  based  on  asbestos  paper  or  as¬ 
bestos  board. 

l)  Index;  2)  resin;  3)  phenol-formaldehyde;  4)  plastic  based  on  mats; 

5)  asbollte;  6)  asbo^oloknlt;  7)  slllcoorganir;  8)  melamine;  9)  s  ecl- 
flc  gravity;  10)  water  absorption  over  24  hr  (^);  11)  ultimate  strength 
(kg/cm^);  12)  under  tension;  I3)  under  static  bending;  14)  Martens 
thermostability  (“C);  15)  breakdown  voltage  (kg/mm). 


properties  of  asboplastlcs  depend  on  the  type  of  resin  and  Its  content. 
The  resin  content  Is  generally  30~455^.  Phenol-formaldehyde,  melamine, 
slllcoorganlc,  and  furfuryl  resins  are  most  commonly  employed  as  the 
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blndems  In  asboplaatlc  production,  unsaturatt j  polyeater  and  poXyeposgr 
realna  and  auapenalona  of  polytetrafluorethylene  being  uaed  leee  fre> 
quently. 

The  Table  ahowa  the  principal  propert-iea  of  varioua  aaboplaatioa. 

The  mechanical  propertiea  of  aaboplastlca  are  rather  stable  under 
the  action  of  moist  air  and  water;  thepe  materials  have  an  elevated 
thermostability  (being  resistant  up  to  300**).  Asboplastica,  which  do 
not  contain  organic  fillers,  ajae  resistant  to  tropical  conditions.  The 
fatigue  strength  of  asbolite  under  bending  (10^  cycles)  is  approximate- 
ly  500  kg/cm  .  Products  are  fabricated  from  laminar  asboplastica  by 
machining  or  molding.  Large-size  articles  are  manufactured  from  asbo- 
voloknlt  mats  with  parallel  fibers,  which  are  produced  on  asbestos- 
combing  machines.  Binder- impregnated  mats  are  pressed  into  complex  prod- 
ucts  under  pressures  of  up  t  15  kg/cm  . 

Asbovoloknlt,  or  Taolite,  is  used  In  the  manufacture  of  large-size 
pipes,  armatures,  and  other  products.  Articles  are  fabricated  from  the 
asbovoloknlts  K-6,  K-41-5,  KP-3M,  etc.,  by  direct  pressing  and  extru- 
slon  under  pressures  of  500-600  kg/cm  and  at  temperatures  of  145-160® 
for  sheets  based  on  phenol-formaldehyde  resins  and  160-210“  for  sheets 
based  on  slllcoorganlc  resins. 

Asboplastics  are  used  in  the  manufacture  of  rotary-pump  blades, 
friction  clutches  for  hydraulic  drives,  panels  for  mounting  electrical 
controls  operating  at  low  voltages,  etc.  Commutators  for  small  electrl 
cal  equipment,  contactors,  switches,  and  other  components  are  manufac¬ 
tured  from  the  asbovoloknlts  K-6,  K-41-5,  etc.  Press  materials  of  type 
KF-3,  etc. ,  are  used  for  hot  pressing  of  brake  shoes  for  subway  cars  and 
other  components.  The  coefficient  of  friction  of  unlubrioated  asboplas- 
tic  at  a  specific  pressure  of  10  kg/cm  and  a  speed  of  0.4  m/sec  is 
0.3'*0.35»  as  determined  on  an  "Amsler”  machine.  Asboplabtlcs,  which  are 
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distinguished  by  high  strength  and  rigidity,  are  used  in  the  manufac¬ 
ture  of  large>slze  structural  components  (elements  of  aircraft  wings 
and  rudders,  glider  components,  elements  of  free-standing  tanks,  etc.  ). 
As  a  result  of  their  high  heat  resistance  plastics  based  on  asbestos 
mats  are  widely  used  for  themal  protection  of  rocket  nosecones,  heat 
Insulation  of  rocket  engines,  and  heat-lnsulatlng  shielding. 

References ;  Shugal,  Ya.L. ,  Baranovskiy,  V.V. ,  Slolstyye  plastlkl 
[Laminated  Plastics],  Moscow-Lenlngrad,  1953;  Kiselev,  B. A. ,  Ukh,  i960, 
Vol.  29,  No.  6,  pages  796-808;  Armlrovannyye  plastmassy  v  raketnoy  tek- 
hnlke  [Reinforced  Plastics  in  Rocket  Technology],  Ekspress  Informatslya 
[Infonnatlon  Bulletin],  1958,  No.  46  (Nos.  136-139) >  137-138. 

B. A.  Kiselev 
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ASB06TEEL  SHEETS  -  a  product  fabricated  from  two  sheets  of  a  spe¬ 
cial  asbestos-latex  paper  Joined  by  an  Intermediate  framework  of  peiv 
forated  steel.  Both  sides  of  the  sheet  are  coated  with  a  layer  of  lam¬ 
ellar  graphite.  This  product  is  Intended  for  sealing  gaskets  at  the 
points  where  tractor-engine  components  are  Joined.  The  gaskets  should 
not  adhere  to  metallic  surfaces  or  be  permeable  to  water,  gases,  or 
oil.  The  sheets  are  1.75  mm  thick,  50  mm  wide,  and  50-875  mm  long.  The 
sheet  lengths  moat  in  demand  are  675  and  875  nm.  The  absoirptlon  capa¬ 
city  of  asbosteel  sheets  over  a  4-hr  period  at  20*  Is  no  more  than  n 
in  water,  15J^  in  oil,  arid  11%  in  gasoline.  The  loss  resulting  from 
roasting  of  an  asbestos  layer  separated  from  the  steel  framework  is 
at  700-800*;  the  tensile  strength  is  -250  kg/cm^  along  the  sheet 
and  -320  kg/cm  across  it.  The  residual  shrinkage  through  the  sheet  Is 
-20Jb  under  a  load  of  250  kg/cm  and  -25J<  under  a  load  of  500  kg/cro  . 
Oaskets  fabricated  from  asbosteel  sheets  will  function  in  water,  oil, 
and  hot  gases  at  temperatures  of  up  to  350*  and  pressures  of  up  to  100 
kg/cm  . 

S.I.  Chernyshev 
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ASBOTEXTOLZTE  -  a  laminar  pressed  sheet  material  consisting  of 
layers  of  asbestos  fabric  impregnated  with  a  synthetlc-resln  solution. 
It  Is  produced  In  tiles  and  sheets  of  varying  thickness  and  Is  also 
molded  Into  complex  products.  Production  of  asbotextollte  Involves  as¬ 
bestos  fabric  based  on  chrysotlle  asbestos  fiber  of  types  KV-6,  ICV-30, 
AT-1,  etc.,  and  phenol-formaldehyde  resins  (melamine  and  slllcoorganlc 


Physical  and  Mechanical  Pro¬ 
perties  of  Asbotextollte 
Based  on  Various  Resins 
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1)  Index:  2)  resin;  3)  phenol-formaldehyde;  4)  melamine;  5)  slllcoor¬ 
ganlc;  6)  specific  gravity;  7)  water  absorption  over  24  hr  (jt):  0)  ul¬ 
timate  strength  (icg/cm^);  9)  under  tension;  10)  along  base;  ll)  across 
base;  12)  under  compression;  13)  oerpendlcular  to  layers;  14)  along  lay¬ 
ers;  15)  under  static  bending;  I6)  Martens  thexmostablllty  {*C);  17) 
breakdown  voltage  (kv/mm). 
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resins  are  less  frequently  used).  The  resin  content  of  the  Impregnated 
fabric  amounts  to  Asbotextollte  sheets  and  tiles  based  on  phe¬ 

nol-formaldehyde  resins  are  pressed  at  a  temperature  of  150-160*  and  a 
pressure  of  90-110  )cg/cm  .  The  Table  shows  the  physical  and  mechanical 
properties  of  asbotextollte  based  on  various  resins. 

The  coefficient  of  friction  of  unlubricated  asbotextollte  based  on 

O 

phenol-formaldehyde  resin  is  0.3-0.38  at  a  pressure  of  10  Icg/cm  and  a 
speed  of  0.4  m/sec;  when  lubricating  oil  is  used  the  coefficient  of 
friction  drops  to  0.05-0.07.  Under  these  same  conditions  the  wear  over 
1  kg  amounts  to  2-5  mg  under  dry  friction  and  1-2  mg  when  lubricating 

O 

oil  is  used.  The  Brlnell  hardness  of  this  material  is  30-45  kg/mm  .  As¬ 
botextollte  based  on  phenol-foimaldehyde  resin  has  an  oil  and  gasoline 
absorption  not  exceeding  1%.  The  loss  of  weight  produced  by  soaking 
specimens  in  hot  mineral  oil  for  6  hr  at  125*  does  not  exceed  Most 
components  fabricated  from  asbotextollte  are  produced  by  machining.  It 
is  recommended  that  blanks  of  plastic  based  on  phenol-formaldehyde  re¬ 
sin  be  heat-treated  at  130*  for  12  hr.  Asbotextollte  up  to  1.5  dbi  thick 
can  be  cut  with  a  guillotine  without  preliminary  heating;  sheets  up  to 
3  mm  thick  can  be  cut  after  pi^llmlnary  heating.  Carborundum  abrasive 
wheels  300-350  mm  In  diameter  and  3-6  mm  thick  are  also  used  for  cut¬ 
ting  asbotextollte;  this  operation  Is  carried  out  at  a  cutting  speed  of 
3000-3600  m/mln,  feeding  the  material  to  the  wheel  at  a  rate  of  0.01- 
0.6  m/teln.  A  number  of  flat  components  are  fabricated  tran  asbotexto- 
llte  up  to  3  mm  thick  by  stamping.  This  plastic  can  be  lathed  and 
milled.  Cutters  of  high-speed  steel  or  with  blades  of  hard  alloys  are 
used  for  lathing.  Large-size  asbotextollte  products  are  manufactured 
from  Impregnated  asbestos  fabric  by  vacuum  or  autoclave  molding.  Liquid 
binders  containing  little  or  no  solvent  are  most  frequently  employed  in 
this  case.  Articles  produced  by  autoclave  molding  have  a  higher  mechan- 
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leal  strength  and  are  more  fully  monolithic  than  those  produced  by  va¬ 
cuum  molding.  Asbotextollte  Is  used  for  thermal  protection  and  heat-ln- 
Bulatlon  of  various  structural  elements  in  rocket  and  aviation  techno¬ 
logy  and  as  a  thermostable,  electrical-insulating,  and  friction  mater¬ 
ial  In  lnstx*ument  building  and  plant  construction.  It  is  also  employed 
as  a  panel  material.  In  the  assembly  of  electrical  control  units,  In 
low-voltage  electrical  circuits,  for  wedges  and  braces  for  turbogenera¬ 
tor  rotors,  etc.  Asbotextollte  Is  capable  of  functioning  for  prolonged 
periods  (a  number  of  years)  at  temperatures  of  up  to  155®. 

References !  Shugal,  Ya.L.  and  Baranovskiy,  V.V. ,  Slolstyye  plas- 
tlkl  [Laminated  Plastics],  Moscow-Lenlngrad,  1933* 

B. A.  Kiselev 
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ASBOVINYL  —  a  plastic  consisting  of  a  mixture  of  pulverized  asbes¬ 
tos  and  the  binder  lac  ethinol.  Freshly  prepared  asbovlnyl  (Departmen¬ 
tal  Technical  Specification  MKhP-3190-53)  has  the  consistency  of  putty 
and  Is  applied  to  a  clean  surface  with  a  spatula  (it  Is  best  to  use 
several  layers,  alternating  3  or  4  layers  of  asbovlnyl  with  a  layer  of 
pure  ethinol).  The  total  coat  thickness  should  be  10-12  mm.  Asbovlnyl 
hardens  when  heated  or  at  room  temperature;  the  polymerization  time  Is 
3-4  weeks  at  room  temperature  and  approximately  one  hour  at  90“ .  Ther¬ 
mal  decomposition  of  the  polymerization  products  sets  In  at  105“.  The 
physical  and  mechanical  properties  of  this  plastic  Include;  specific 

p 

gravity  -  1.4-1. 5,  ultimate  strength  ~  150-215  kg/cm  under  tension  and 
2 

l60  kg/cm  under  compression,  working  temperature  -  95-110“.  Asbovlnyl 
Is  similar  to  faollte  In  physical  and  mechanical  properties,  but  ad¬ 
heres  better  to  metals,  ceramics,  concrete,  and  other  materials;  It  Is 
distinguished  by  high  chemical  stability  In  many  aggi^sslve  media  (non- 
oxldlzlng  mineral  and  organic  acids,  dry  and  moist  gases,  alkalies, 
fresh  and  salt  water,  salt  solutions,  and  many  organic  solvents  and 
compounds).  The  chemical  stability  of  asbovlnyl  In  these  media  extends 
over  the  temperature  range  50-110*,  but  It  decomposes  under  the  action 
of  oxidizing  agents  and  certain  organic  solvents.  The  principal  short¬ 
coming  of  asbovlnyl  Is  Its  Instability  during  storage.  In  order  to  Im¬ 
prove  its  properties  this  plastic  Is  modified  with  epoxy,  furyl,  and 
other  synthetic  resins,  which  increase  Its  ultimate  strength  under  com- 
press  Ion  to  240-350  kg/cm  and  reduce  Its  polymerization  time  to  2  days 
at  room  temperature. 
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Asbovlnyl  1e  an  anticorrosion  lining  material.  It  Is  used  In  the 
chemical  industry  to  protect  structures  and  apparatus  employed  In  the 
production  of  sulfuric  and  sulfurous  acids,  sulfur  dioxide,  and  weak 
nitric  acid  at  temperatures  of  up  to  100®.  It  Is  also  used  for  corro¬ 
sion  protection  of  equipment  In  metallurgy,  machine  building,  and  tool 
making;  In  nonferrous  metallurgy  It  serves  as  a  substitute  for  lead  in 
electrolytic  baths;  In  the  wood  pulp  Industry  it  replaces  nonferrous 
metals  and  stainless  steel  In  equipment  exposed  to  acetic  acid;  in  the 
cellulose-paper  Industry  It  serves  as  a  substitute  for  ceramlc-tlle  and 
lead  linings  (in  tapping  vessels,  baths,  coolers,  scrubbers,  etc.).  As¬ 
bovlnyl  Is  employed  for  protection  against  gas  corrosion  In  gas  pipes 
and  reinforced  concre;  e  structures. 


E. G.  Gashnlkov 
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ASBOVOLOKNIT  -  a  heat-resistant  pressed  material  based  on  asbestos 
Impregnated  with  synthetic  resins.  Phenolic,  sillcoorganlc,  carbamide, 
etc. ,  resins  can  be  used  as  the  binder. 

Phenolic  asbovoloknlt  type  K-6  Is  a  composite  based  on  fibrous  as¬ 
bestos  impregnated  with  an  emulsified  resol-phenol-formaldehyde  resin 
and  various  additives  (talc,  a  lubricant,  etc.).  The  impregnated  mater- 


Physical,  Mechanical,  and  Dielectric 
Properties  of  Sillcoorganlc  Asbovolok¬ 
nlt  Materials 
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l)  Index;  2)  type;  3)  specific  gravity  (g/cm^);  4)  Impact  strength  (kg« 
•cm/cm^);  5)  short-term  static  bending  resistance  (kg/cm2) ;  6)  ultimate 
strength  (kg/cm^);  7)  under  compression;  8)  under  tension;  9)  Martens 
thermostability  ("C);  10)  water  absorption  (5^);  11)  Brlnell  hardness 
(kg/nm2);  12)  deep  electrical  resistance  (ohm»cm) ;  13)  skin  resistance 
(ohms):  14)  electric  strength  (kv/mm);  15)  arc  resistance  (sec);  I6) 
tangent  of  angle  of  dielectric  loss;  I7)  at  50  cps;  I8)  at  10°  cps;  19) 
dielectric  constant;  20)  Raushlg  yield  (mm);  21)  shrinkage  {%). 


ial  Is  cold-rolled  without  friction  and  vacuum-dried  at  80-95®;  exter¬ 
nally  It  Is  a  film  no  more  than  I.5  mm  thick  and  has  a  guaranteed  stor- 
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age  life  In  a  dry  heated  room  at  a  temperature  of  no  more  than  25° • 
Finished  products  are  fabricated  from  phenolic  asbovoloknit  by  hot  com- 
pressive  pressing  at  170-200®  and  a  pressure  of  450  kg/cm  .  The  Raushig 
yield  of  this  material  is  110-190  mm  and  its  theoretical  shrinkage  is 
0.1-0.2J^.  A  metal  reinforcing  amature  is  easily  Introduced  into  asbo¬ 
voloknit  during  pressing.  The  material  can  be  drilled,  sawn,  etc.  Ex¬ 
ternal  and  Internal  threads.  Inscriptions,  and  numerals  are  applied 

during  pressing.  Phenolic  asbovoloknit  has  the  following  properties: 

2 

specific  gravity  —  1.95;  impact  strength  -  no  less  than  20  kg*cm/c"  ; 

2 

short-term  static  bending  resistance  —  no  less  than  800  kg/cm  ;  ulti- 

2 

mate  strength  on  compression  -  no  less  than  800  kg/ern  ;  short-term  ten- 
sile  strength  -  200-250  kg/cm  ;  relative  elongation  -  0.1-0.13^;  modu¬ 
lus  of  elasticity  —  150-250«10^  kg/cm^;  Brinell  hardness  -  30  kg/mm^; 
Martens  thermostability  —  no  less  than  200°;  coefficient  of  linear  ex¬ 
pansion  —  25-28 • 10”^ •1/®C;  thermal  conductivity  —  0.45-0.5  kcal/m»hr» 
•degrees;  heat  capacity  -  0.28-0.3  kcal/kg» degrees;  water  absorption 
over  24  hr  -  0.5/^;  oil  resistance  —  0.16-0.22^;  gasoline  resistance  - 
0.4-0. 7/^;  skin  resistance  —  no  less  than  10^*^  ohms;  deep  resistance  - 
no  less  than  10^^  ohms«cm;  electric  strength  —  no  less  than  1.5  kv/mrr.; 
tangent  of  angle  of  dielectric  loss  at  50  cps  -  0.88.  K-6  undergoes 
little  aging,  although  Its  strength  and  dielectric  Indices  decrease  at 
elevated  temperatures  or  on  prolonged  soaking  In  water;  It  can  be  used 
at  temperatures  of  up  to  100°.  This  material  Is  recommended  for  manu¬ 
facture  of  components  with  high  mechanical  strength  and  heat  resistance 
(high-  and  low-voltage  commutators,  tennlnal  blocks,  electrical  panels 
requiring  soldering  of  leads,  sliding  components,  etc.).  Pressed  prod¬ 
ucts  should  be  heated  at  120°  +  5°  foi*  6  hr.  For  the  pressed  materials 
K-I8-56  and  K-I8-53,  which  have  a  powdered  asbestos  filler,  see  Pheno¬ 
lic  press-powders. 
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Slllcoorganlc  asbovoloknlt  has  high  mechanical  strength,  exception-  j 

i 

al  thermostability,  and  good  dielectric  properties  (Table).  It  Is  pro-  j 
duced  as  types  K-41-5,  which  Is  based  on  phenoly polys lloxane  resin,  and 
KMK-218,  which  is  based  on  methylpolyslloxane  resin.  Products  pressed 
from  slllcoorganlc  asbovoloknlt  are  heat-treated  to  obtain  good 
strength  and  dielectric  characteristics.  The  physical,  mechanical,  and 
dielectric  properties  of  slllcoorganlc  asbovoloknlt  are  altered  by  high 
temperatures.  Thus,  the  ultimate  strength  under  compression  of  K-41-5 
drops  to  20^  of  Its  Initial  value  over  the  temperature  range  20-300®; 
the  ultimate  strength  under  compression  of  KMK-218  Is  little  affected. 

The  values  of  the  ultimate  strength  under  static  bending  and  the  manner 
In  which  It  changes  are  similar  for  these  two  materials,  but  the  rela¬ 
tive  decrease  In  this  Index  over  the  temperature  range  up  to  350®  Is 
695^  for  K-41-5  and  42^  for  KMK-218.  The  impact  strength  of  KMK-218 
drops  to  of  its  Initial  value  when  the  temperature  Is  raised  to 
350®.  The  strength  of  both  materials  decreases  during  prolon^^  thermal 
aging.  The  drop  in  ultimate  strength  under  static  bending  for  K-41-5  Is 
15J^  of  the  Initial  value  at  200°  and  355^  at  300°  (after  aging  for  300 
hr);  the  comparable  figures  for  KMK-218  are  l6^  at  200°  and  355^  at  400°. 
Impact  strength  Is  little  affected  at  200°  and  Is  substantially  reduced 
at  400°.  The  high  values  obtained  for  the  tangent  of  the  angle  of  di¬ 
electric  loss  and  the  dielectric  constant  make  It  Impossible  to  use  K- 
4l-5  and  KMK-218  for  manufacturing  components  for  high-frequency  radio 
equipment.  The  deep  resistance  of  both  materials  decreases  by  1  or  2 
orders  of  magnitude  as  the  temperature  Is  raised  from  20°  to  100°,  but 
remains  virtually  unchanged  when  It  Is  further  increased.  Thermal  aging 
of  K-41-5  (at  200°  or  more)  causes  a  sharp  drop  In  deep  resistance, 
both  under  normal  conditions  and  w*ien  the  material  has  been  kept  In  a 
moist  atmosphere.  Aging  of  KMK-218  at  200°  and  300°  Increases  Its  specl- 
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flc  resistance  under  normal  conditions,  but  has  virtually  no  effect  on 
this  Index  when  the  humidity  at  300®  Is  high.  The  working  temperature 
for  both  materials  is  300-350®,  but  they  can  withstand  higher  tempera¬ 
tures  In  single-use  products.  K-41-5  has  a  higher  mechanical  strength 
than  other  slllcoorganlc  press  materials  and  Is  employed  as  a  heat-re¬ 
sistant  electrical  Insulating  and  general-purpose  material  In  the  man¬ 
ufacture  of  fittings,  housings,  and  components  for  Instruments  and 
electronic  equipment  subject  to  constant  heating  to  200®  or  more.  KMK- 
2l8  has  the  highest  arc  resistance  and  is  the  most  resistant  to  pro¬ 
longed  exposure  to  high  temperatures;  it  is  used  in  the  manufacture  of 
labyrinthine  arc-extinction  chambers,  switches  for  hlgh-power  direct 
current,  terminal  blocks,  and  other  electrical-insulating  products 
which  Involve  direct  contact  with  an  electric  arc  or  operation  at  high 
temperatures.  This  material  Is  capable  of  withstanding  the  combined  ac¬ 
tion  of  tropical  humidity  and  temperatures  and  growths  of  fungi  and 
molds. 

For  carbamide  asbovoloknlt  see  Amlnoplasts. 


References ;  Plk,  I.Sh, ,  Pressovochnyye  1  podelochnyye  plasticheskl- 
ye  materlaly  [Plastic  Pressing  and  General-Purpose  Materials],  Moscow- 
Lenlngrad,  1951;  Steklotekstollt  1  drugiye  konstruktslonnyye  plastlkl 
[Steklotextollte  and  Other  Structural  Plastics],  Collection  of  articles 
edited  by  Ya.D,  Avraslna,  Moscow,  196O;  Plastmassy  v  mashlnostroyenll 
[Plastics  In  Machine  Building],  collection  of  articles  edited  by  V. K. 
Zavgorodnly,  Moscow,  1959- 

M.S.  Krol' 


338 


I-93a 


ATMOSPHERE  RESISTANCE  -  the  ability  of  materials  to  withstand  the 
combined  action  of  atmospheric  factors:  water  vapor,  rain,  wind,  dust, 
oxygen,  ozone,  solar  radiation,  and  variations  In  air  temperature.  The 
latter  two  factors  are  of  special  Importance  for  polymer  materials.  Ra¬ 
diant  energy  both  affects  the  polymer  Itself  and  activates  oxygen, 
ozone,  and  water.  This  activation  results  in  formation  of  atmospheric 
oxygen,  hydrogen  peroxide,  excited  oxygen  molecules,  etc.,  substances 
which  Intensify  oxidative  processes  and  consequently  accelerate  Des¬ 
truction  and  Structuring,  l.e.,  lead  to  accelerated  aging  and  decompos¬ 
ition  of  the  material.  Atmospheric  aging  Is  specifically  accelerated  by 
the  presence  of  mechanical  stresses.  This  Is  especially  Important  for 
resin  products,  which  crack  under  the  action  of  atmospheric  ozone  when 
stressed  (see  Ozone  resistance  of  polymer  materials).  In  the  case  of 
materials  which  absorb  large  quantities  of  light  (those  with  dark  co¬ 
loration)  the  rise  In  the  temperature  of  the  Illuminated  object  may  al¬ 
so  play  a  material  role.  In  some  cases  this  factor  Is  of  decisive  Influ¬ 
ence  In  reducing  the  atmosphere  resistance  of  polymer  materials.  The 
breakdown  of  cellulose  materials,  cotton  fiber,  paper,  synthetic  poly¬ 
esters,  and  other  polymers  is  often  due  to  hydrolysis  under  the  Influ¬ 
ence  of  radiation.  Ultraviolet  light  may  convert  the  water  absorbed  by 
the  fibers  to  hydrogen  peroxide  (the  bleaching  action  of  sunlight), 
which  gradually  destroys  the  fibers.  Polyamides,  polyesters,  polysac¬ 
charides,  and,  particularly,  polyolefins.  Including  rubber  and  resins, 
are  highly  susceptible  to  the  action  of  the  atmosphere.  Atmosphere  re¬ 
sistance  can  be  Increased  by  adding  specific  antioxidants,  llght-fll- 
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terlng  substances  which  do  not  permit  radiation  to  reach  the  sensitive 
areas  of  the  material,  or  hydrophobic  substances  to  the  polymer.  The 
requirements  Imposed  on  the  different  additives  are  extremely  diverse 
and  depend  on  the  nature  of  the  polymer,  the  conditions  under  which  the 
material  will  be  exposed  to  the  atmosphere,  the  latitude,  etc.  An  ef¬ 
fective  Increase  In  atmosphere  resistance  is  occasionally  achieved  by 
use  of  appropriate  coatings.  Special  requirements  are  Imposed  on  mater¬ 
ials  Intended  to  function  under  Arctic  conditions  and  In  the  upper  lay¬ 
ers  of  the  atmosphere.  Resistance  to  ultraviolet  radiation  is  very  im¬ 
portant  In  the  latter  case.  Ozone  resistance  plays  a  special  role  in 
the  lower  layers,  particularly  during  the  spring  and  summer.  For  the 
atmosphere  resistance  of  metals  see  the  article  on  corrosion  of  metais. 

N.N.  Lezhnev 
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ATMOSPHERE-RESISTANT  LACQUER  AND  PAINT  COATINQS  are  coatings  which 
are  resistant  to  the  action  of  atmospheric  factors  (solar  radiation, 
oxygen,  air  moisture,  temperature,  etc.)*  These  coatings  Include  the 
perchlorvlnyl,  polyacrylic,  pentaphthalate,  a Iky d -melamine,  epoxy  and 
certain  others. 

The  perchlorvlnyl  (PKhV)  lacquer  and  paint  atmospher-reslstant 
coatings  have  good  atmosphere,  water  resistance  and  chemical  stability 
and  are  widely  used  for  painting  of  ships,  aircraft,  helicopters,  agri¬ 
cultural  machines,  various  metal  structures,  items  used  in  the  oil, 
highway  and  transport  machine  corscructlon,  which  are  used  in  severe 
atmospheric  conditions,  for  example,  in  a  humid  tropical  climate.  These 
coatings  ret* in  tl*«ir  properties  over  a  wide  range  of  temperatures  from 
iuinus  70*  to  plus  90-100*.  Essential  deficiencies  of  the  PKhV  coatings 
are  the  change  of  color  under  atmospheric  action  and  the  very  weak 
bonding  with  the  metallic  surfaces,  therefore  they  are  applied  on  sur¬ 
faces  which  have  undergone  preliminary  priming.  For  the  ferrous  metals 
use  is  made  of  138-A,  AQ-lOc,  A0-3a,  FL-03K  primers;  for  the  nonfer- 
rous  metals  use  is  made  of  the  AQ-3a,  AO-lOc,  PL-03Zh  and  ALO-14  prim¬ 
ers.  The  PKhV  enamels  are  applied  primarily  with  paint  sprayers,  are 
dried  at  15-25'*  for  2-2.5  hours.  The  enamels  are  thinned  to  working 
consistency  with  the  R-5  thinner  (12-14  seconds  on  the  VZ-4  viscosi¬ 
meter). 

The  polyacryllc  lacquer  and  enamel  coatings  have  excellent  resist¬ 
ance  to  aging  under  atmospheric  conditions.  They  differ  from  the  other 
atmosphere-resistant  paint  and  lacquer  coatings  in  stability  of  the  col- 
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or  In  the  aging  process,  particularly  the  lacquer  coatings  which  pro¬ 
vide  good  protection  for  metallic  items  thanks  to  their  color  achroma¬ 
tism,  transparency  and  resistance  to  sunlight.  As  a  result  of  their 
high  vapor  penetrability  (water  swelling  is  slight)  the  polyacrylic 
lacquer  films  are  not  suitable  for  protection  against  corrosion  of  the 
metals  which  have  limited  corrosion  resistance.  The  polyacryllc  lac¬ 
quers  are  used  primarily  for  painting  various  structures  made  from 
aluminum  and  Its  alloys,  and  the  enamels  are  used  for  the  painting  of 
aluminum  and  other  alloys  and  also  for  certain  grades  of  steel.  The 
polyacryllc  lacquer  and  enamel  coatings  are  suitable  at  temperatures 
from  minus  50*  to  plus  l80**.  Deficiencies  of  the  coatings  are  the  tend¬ 
ency  to  some  softening  at  elevated  temperature  (60®  and  above)  and 
limited  resistance  to  various  forms  of  fuel.  The  chemical  Industry  pro¬ 
duces  the  9-32,  9-32f  and  AS-82  polyacryllc  lacquers,  the  AS-lsp  and 
AS-81  white  enamels.  The  lacquers  and  enamels  are  applied  using  paint 
sprayers.  In  order  to  Improve  the  adhesion  of  the  lacquers  to  aluminum 
surfaces  the  aluminum  and  Its  alloys  are  first  anodized.  The  enamels 
are  applied  over  the  A0-3a,  AQ-lOs,  ALG-14  and  clhcr  primers  (for  more 
detail  see  Lacquer  and  Paint  Coatings  for  Aluminum  Alloys).  The  coat¬ 
ings  are  dried  at  15-25°  for  1-1*5  hours.  The  lacquers  and  enamels  are 
thinned  to  working  consistency  using  the  R-5  thinner  (12-14  seconds  on 
the  VZ-4  viscosimeter). 

The  pentaphthallc  enamels  are  atmospheric  resistant  and  are  used 
for  painting  Items  located  In  the  open  air.  The  properties  of  the 
enamels  depend  on  the  drying  regime.  After  drying  at  100-120*  they  have 
high  adhesion,  hardness,  atmospheric  resistance;  with  drying  under 
natural  conditions  all  the  properties  deteriorate.  These  enamels  are 
widely  used  for  painting  trolley  buses,  all-metal  railway  cers,  auto¬ 
buses,  and  also  various  equipment.  To  Improve  the  protective  proper- 
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ties  the  enamels  are  applied  cxn  previously  primed  surfaces.  The  FL-03-K, 
138 f  FL-03Zh  and  other  primers  are  used.  The  chemical  Industry  produces 
the  PP  enamels  In  a  large  assortment  of  colors  (OOST  6^5-33)*  The 
enamels  can  be  applied  using  all  the  methods  customary  In  painting 
technology.  The  enamels  are  thinned  to  working  consistency  using  the 
RS-2  thinner  (TU  MKhP  1763-52). 

Alkyd.^lamlne  enamels  (OOST  973^‘-6l)  have  good  decorative  quali¬ 
ties,  water  resistance,  hardness,  elasticity,  good  protective  proper¬ 
ties,  are  atmospheric  and  sunlight  resistant.  They  are  suitable  for 
painting  products  which  are  used  under  conditions  of  a  humid  tropical 
climate.  The  enamels  are  applied  using  a  paint  sprayer.  The  coatings 
are  stable  after  drying  of  the  first  coat  for  30  minutes  at  130-140®, 
the  second  coat  for  50  minutes.  The  enamels  are  used  primarily  for 
painting  bodies  and  components  of  passenger  automobiles,  motorcycles, 
etc.  The  chemical  Industry  produces  the  enamels  In  a  large  assortment 
of  colors.  They  are  thinned  to  working  consistency  (24-26  seconds  on 
the  VZ-4  viscosimeter)  using  the  65I  solvent  (TU  MKhP  4537-56). 

In  the  case  of  Inadequate  adhesion,  the  atmosphere -resistant  coat¬ 
ings  In  themselves  give  poor  protection  to  the  metal  from  corrosion. 
Therefore,  as  a  rule,  they  are  applied  over  surfaces  which  have  under¬ 
gone  preliminary  preparation  and  priming.  In  the  selection  of  the  coat¬ 
ings  account  Is  taken  of  the  operating  conditions,  for  example.  Items 
subjected  to  the  direct  effect  of  solar  x*adlatlon  are  painted  with 
enamels  of  light  tones  with  high  gloss  or  with  enamels  of  an  aluminum 
color  which  have  a  high  coefficient  of  reflection.  In  the  case  of  pro¬ 
ducts  operating  under  conditions  of  high  dust  content,  use  Is  made  of 
coatings  with  high  hardness  (alkyd -melamine,  epoxy,  etc.  ).  In  an  atmos¬ 
phere  contaminated  with  industrial  gases  and  vapors  It  Is  most  advisa¬ 
ble  to  use  the  perchlorvlnyl  enamels. 

3^3 
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Equipment  operated  In  regions  with  high  humidity  Is  protected  by 
coatings  having  low  vapor  and  water  permeability  (perchlorvlnyl,  phenol- 
fonoaldehyde,  alkyd -butyric).  The  external  appearance  of  Items  operat¬ 
ing  under  atmospheric  conditions  Is  of  very  great  importance,  from  this 
point  of  view  the  best  enamels  are  the  auto  enamels  made  on  an  alkyd- 
meleualne  base  and  the  pentaphthallc  enamels. 

References:  Drlnberg  A.Ya.,  Tekhnologlya  plenkoobrazuyushchlkh 
veshchestv  [Technology  of  Pllm-Pormlng  Substances),  2nd  ed.,  L. ,  1955; 
Paine  O.P. ,  Technology  of  Organic  Coatings,  transl.  from  Eng.,  Vol.  1, 

L.,  1959. 

I. I.  Denker 
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ATTACHMENT  OP  RUBBER  TO  THE  METALS  (bonding  of  rubber  with  the  me¬ 
tals)  Is  widely  used  In  the  fabrication  of  rubber-metallic  details.  The 
methods  of  attachment  of  rubber  to  the  metals  are  divided  Into  two  ba¬ 
sic  groups:  those  associated  with  vulcanization  of  the  rubber  (hot  at¬ 
tachment)  and  those  not  associated  with  vulcanization  of  the  rubber 
(cold  attachment).  During  hot  attachment,  the  unvulcanized  rubber  Is 
attached  to  the  metal  In  the  vulcanization  process  with  the  aid  of  ce¬ 
ments,  a  layer  of  brass  or  ebonite.  During  cold  attachment,  the  vulcan¬ 
ized  rubber  Is  attached  to  the  metal  by  special  cements.  For  the  fabri¬ 
cation  of  rubber-metallic  details  which  carry  significant  loads,  for 
example,  aircraft  engine  mount  supports,  auto  engine  mounts  or  for  the 
mounting  of  precision  Instruments  subject  to  vibration,  use  is  made  of 
hot  attachment  of  the  rubber  to  the  metals  to  create  a  bond  of  high 
strength.  Cold  attac.hroent  of  rubber  to  the  metals  Is  used  for  creation 
of  less-strong  bonds  which  are  used  for  coating  various  equipment  with 
rubber  to  provide  sound  absorption,  thermal  Insulation,  etc. 

In  Industry  the  rubber-metallic  details  are  attached  by  means  of 
brass;  this  method  is  based  on  the  capability  of  the  rubber  mixtures 
which  can  be  vulcanized  In  contact  with  a  lyaer  which  electrochemical ly 
deposited  on  the  metallic  framework  of  the  brass  to  form  a  stroTig  bond 
with  It.  The  attachment  of  the  rubber  to  the  framework  which  Is  cover¬ 
ed  with  the  brass  layer  Is  accomplished  In  forms.  In  a  press  whose 
plates  are  heated  with  steam  or  by  means  of  electrical  current.  In  this 
case  the  vulcanization  of  the  rubber  proceeds  simultaneously  with  Its 
shaping  and  attachment  to  the  metal.  The  forms  may  be  filled  with  rub- 
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ber  under  pressure  fcr  this  same  purpose.  The  strength  of  the  attach¬ 
ment  of  the  rubber  to  the  brass  in  tsar  tests  (40-60  kg/cin^)  depends  on 
the  form  of  the  crude  rubber  used  as  the  basis  for  the  preparation  of 
the  rubber,  the  rubber  composition,  the  quality  of  the  brass  deposited 
and  the  care  with  which  the  entire  process  Is  carried  out.  The  attach¬ 
ment  using  a  brass  layer  Is  resistant  to  Impact,  vibration.  Is  thermal¬ 
ly  resistant  to  130-130**  and  oil  and  gas  resistant  if  the  rubbers  used 
are  heat,  gas  and  oil  resistant.  The  method  Is  suitable  primarily  for 
the  attachment  of  rubber  to  steel  framv/ork  on  which  there  has  been  plat¬ 
ed  a  good  and  strong  layer  of  brass. 

A  strong  bond  of  the  rubber  with  the  metal  cannot  be  obtained  with 
vulcanization  of  ’"he  rubber  mixture  In  contact  with  a  steel  framework 
which  Is  not  covered  with  a  layer  of  brass.  For  these  cases  there  have 
been  developed  and  utilized  in  Industry  special  cements  on  the  basis  of 
the  cycllzed,  chlorinated  and  oxidized  crude  rubbers,  synthetic  resins, 
organic  Isocyanates,  and  also  combined  cements  based  on  the  materials 
listed.  The  basis  cf  th,  sments  from  the  cycllzed  crude  rubber  Is 
thermoprene,  which  Is  obtained  by  a.  ion  of  su] furlc  acid  or  organic 
sulfo  acids  on  natural  crude  rubber  along  with  lieatlng.  For  the  attach¬ 
ment  of  rubber  to  the  metals, use  is  made  of  solutions  of  thermoprene  In 
benzene  of  10-15^  concentration.  The  tear  strength  of  the  attachm.ent  of 

O 

rubber  to  the  metals  using  thermoprene  Is  10-25  kg/cm  .  Vulcanized  rub¬ 
ber  can  also  be  attached  to  metal  with  the  aid  of  the  thermoprene  ce¬ 
ment.  Wide  usage  Is  made  for  attachments  of  cements  based  on  the  natur¬ 
al  and  synthetic  chlorinated  crudes,  which  have  adhesive  properties  to 
the  metals  and  rubbers.  In  the  process  of  the  vulcanization  of  the  rub¬ 
ber,  these  cements  are  capable  of  creating  a  strong  bond  of  che  resin 
with  the  metal,  for  example,  the  cement  201.  The  tear  strength  of  the 
attactiment  using  this  cement  Is  from  30  to  60  kg/cm  .  The  bond  Is  therm- 
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ally  stable  to  I2O-130".  The  bond  is  resistant  to  impact,  vibration  and 
has  limited  resistance  to  the  action  of  solvents  and  oils.  The  riT-2  ce¬ 
ment  based  on  the  oxidized  crudes  Is  recommended  for  the  attachment  to 
metals  of  the  rubbers  based  on  the  crudes  SKB  and  SKS-30.  The  tear 
strength  of  the  bend  obtained  with  the  aid  of  this  cement  Is  20-40  kg/ 
/cm^. 

The  cement  VIiU-3  which  Is  used  for  the  attachment  of  rubbers  based 
on  the  SKN  crude  to  metals  Is  a  solution  of  a  mixture  of  the  VDU  resin 
and  carbon  black  mixture  of  the  SKN-40  crude  In  acetone  and  benzene. 

2 

The  tear  strength  of  the  attachment  using  this  cement  Is  40-50  kg/cm  . 
This  same  group  Includes  the  cements  MAS-1  and  KT-I5  with  heat  resist¬ 
ance  of  the  attachment  to  200-300®  which  are  used  for  the  attachment  to 
metals  of  the  high  temperature-resistant  silicone  rubbers.  In  industry 
widest  use  is  made  of  the  Laykonat  cement  based  on  organic  isocyanate 
which  permits  attachment  of  rubbers  of  all  the  Industrial  forms  of  the 
crudes  to  the  most  varied  metals  (i:hls  cement  Is  known  abroad  under  the 
label  of  Desmodur  R).  The  tear  strength  of  the  rubber-metal  attachments 
obtained  with  the  aid  of  these  cements  Is  40-60  kg/cm  .  The  Leykonat 
bond  Is  heat  resistant  to  13O-I5O®,  has  excellent  resistance  to  the  ac¬ 
tion  of  organic  solvents  and  oils.  Compounded  cements  are  prepared  on 
the  basis  of  materials  having  good  adhesive  properties.  Thus,  the  wide¬ 
ly  know  Tie-Ply  cement  Is  created  on  the  base  of  the  chlorinated  and 
hydrochlorlnated  crudes.  The  attachment  of  rubber  to  the  metals  for 
fabrication  of  rubber-metal  details  by  means  of  ebonite  Is  not  used  In 
view  of  the  brittleness  of  the  latter.  The  ebonite  bond  is  used  In  In¬ 
dustry  in  rubberizing  chemical  equipment.  Cold  attachment  of  vulanlzed 
rubber  to  metal  at  ordinary  temperature  with  the  aid  of  special  cements 
has  found  wide  application  In  various  branches  of  industry.  It  does  not 
require  special  equipment,  forms,  heating,  etc.  The  strength  of  the 
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bond  of  the  rubber  with  the  metal  In  this  case  Is  considerably  less 
than  the  strength  obtained  with  hot  bonding.  The  cements  88  (based  on 
Sevanlt)  and  88-n  (based  on  Nalrlt)  used  for  cold  attachment  of  rubber 
to  metals  Is  heat  resistant  to  60-70®.  The  tear  strength  of  the  rubber- 
metal  bond  24  hours  after  cementing  must  be  no  less  than  11  kg/cm'^,  and 
the  delamlnatlon  strength  must  be  no  less  than  2  kg/cni  .  Bonding  using 
these  cements  Is  not  resistant  to  the  action  of  solvents  and  has  limit¬ 
ed  resistance  to  oils.  In  addition  to  the  88  and  88-n  cements,  use  is 
made  of  the  SN-57  and  SN-58  cements  with  thermal  resistance  of  the 
attachment  to  70-80®,  but  with  lower  bond  strength  than  In  the  case  of 
the  88  and  88-n  cements.  The  glue  3300  of  the  88-n  type  which  Is  more 
resistant  to  oils  and  gasoline  Is  also  known.  The  rubbers  which  are 
being  bonded  by  the  cold  setting  cements  must  not  contain  significant 
quantities  of  softeners  and  plasticizers  (no  more  than  5-10  parts  by 
weight  to  100  parts  of  crude). 

Any  method  of  attachment  of  rubber  to  the  metals  requires  cleaning 
of  the  metal  surface  of  rust,  scale,  oils,  lubricants,  etc.,  and  other 
contaminants.  The  metal  surface  Is  cleaned  by  dry  or  wet  sand  (sand 
blasting),  steel  or  iron  shot  (shot  blast  cleaning),  wire  brushes,  em¬ 
ery  cloth  and  etchants. 

Infrequent  use  is  made  of  mechanical  attachment  of  rubber  to  the 
metals  which  is  based  on  securing  the  rubber  In  openings  of  the  metal 
framework  In  the  process  of  vulcanization  of  the  rubber. 

References:  Zherebkov  S.K. ,  Kreplenlye  rezlny  k  metallam  [Attach¬ 
ment  of  Rubber  to  Metals],  M. ,  1956;  Koshelev  F.F.,  Klimov  N.S.,  Obsh- 
chaya  tekhnologlya  rezlny  [General  Rubber  Technology],  2nd  ed. ,  M. , 
1958;  Voyutskly  S.S. ,  Autogezlya  1  adgezlya  vysokopollmerov  [Cohesion 
and  Adhesion  of  High  Polymers],  M. ,  I96O;  Deryagln  B.V. ,  Krotova  N.A. , 
Adgezlay  [Adhesion],  M. -L. ,  19^9;  Stepanyuk  N.V. ,  Tr.  N.  In-ta  rezln. 
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AUSTENITE'^  a  solid  solution  In  which  7-lron  Is  the  solvent,  hav¬ 
ing  a  face-centered  cubic  lattice  structure.  In  iron-carbon  alloys  the 
solute  Is  carbon,  whose  maximum  content  In  austenite  reaches  2%  (at  a 
temperature  of  1130°).  In  addition  to  carbon,  the  austenite  In  alloy 
steels  may  contain  certain  alloying  elements. 

No  austenitic  phase  Is  present  In  carbon  steel  at  equilibrium  at 
temperatures  below  723“;  this  phase  may  be  present  In  small  quantities 
at  room  temperature  In  quenched  carbon  steel,  taking  the  form  of  so- 
called  residual  austenite.  Homogeneous  austenite  with  a  polyhedral 
structure  may  be  fixed  even  during  normalization  in  alloy  steels  with 
a  sufficiently  high  content  of  alloying  elements  (e.g.,  nickel,  mangan¬ 
ese,  etc.).  Austenite  is  nonmagnetic;  it  has  a  higher  density  than  the 
other  basic  structural  constituents  of  steel,  a  moderate  hardness  and 
ultimate  strength,  a  low  elastic  limit,  and  a  high  viscosity. 

Austenite  is  named  for  the  English  metallurgist  W.  Roberts-Austen. 


A.P.  Golovin 
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AUSTENITIC -FERRITIC  STAINLESS  STEEL  is  a  group  of  chrome -nickel 
or  chrome -manganese  steels  whose  structure  coni^lsts  of  austenite  and 
<5 -ferrite.  The  relationship  between  the  amount  of  the  ferritic  and  aus¬ 
tenitic  phases  at  high  temperatures  depends  on  the  content  of  the  chrom- 
ivun,  nickel,  manganese  and  other  alloying  elements,  and  also  on  the 
tempering  temperature (900-1300" )  (Pig.  1).  It  has  been  established  that 
the  best  combination  of  mechanical  properties  and  corrosion  resistance 
of  austenitic -ferritic  stainless  steel  is  obtained  after  tempering  at 
950-1000"  with  rapid  cooling.  Use  of  higher  tempering  temperature  (above 
1100")  increases  the  amount  of  the  ferrite  and  reduces  the  amount  of 
the  austenite  (Pig.  1).  With  subsequent  heating  at  550-900®  there  is  a 
reverse  separation  of  the  austenite  from  the  ferrite  in  the  form  of 
Widmanstatten  figures  (Fig.  2).  The  austenitic -ferritic  stainless  steels 
which  are  quenched  from  high  temperatures  are  more  prone  to  separation 
of  the  a-phase  and  structiiral  changes  which  lead  to  the  appearance  of 
intercrystalline  corrosion  (Fig.  3)»  Extended  heating  475“  makes  the 
steel  prone  to  embrittlement  and  destruction  by  selective  corrosion 
(Fig.  4).  For  this  reason  use  of  the  austenitic -ferritic  steels  for 
operation  above  350-400®,  is  not  recommended,  and  during  welding  seve¬ 
ral  precautions  must  be  observed  to  avoid  excessive  heating  of  the  me¬ 
tal  adjacent  to  the  weld  seam.  The  mechanical  properties  of  the  austen- 
itlc-ferritlc  stainless  steels  depend  on  the  relationship  of  the  amount 
of  the  ferritic  and  austenitic  phases  and  the  degree  of  their  refine¬ 
ment.  A  high  silicon  content  in  the  austenitic -ferritic  stainless 
steels  increases  the  amount  of  the  ferritic  con^)onent  and  improves  the 
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ultimate  and  yield  strengths  at  room  temperatures.  The  chrome-nickel 
steels  with  low  nickel  content  (0Kh21N5T,  lKh21N5T,  0Kh21N6M2T)  have 
higher  strength  properties  than  the  chrome-nickel  steel  of  purely  aus¬ 
tenitic  type.  The  two-phase  structure  also  improves  the  strength  of  the 
weld  seam,  which  is  of  great  practical  importance. 


S  MO 
1 


1^1 


0  to  20  JO  40  SO  eo  70  80  90  too 
2  XfomtX 

Fig.  1.  Effect  of  chromliim  on  phase  position  in  alloys  with  iron  con¬ 
taining  Nl.  1)  Temperature,  "C;  2)  chrome  in  percent. 
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Pig.  2.  Structure  of  0Kh21N5T  steel:  a)  After  quenching  from  1000®  in¬ 
to  water;  b)  after  quenching  from  1200*  into  water  and  2-hour  heating 
at  750“  (lamellar  segregations  of  secondary  austenite  from  the  ferrite 


are  seen). 
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Pig.  3.  Effect  of  temperatiire  and  time  on  tendency  of  0Kh21N5T  steel  to 
Intercrystalline  corrosion:  a)  After  quench  from  1000*  in  water  fhold 
for  15  min);  b)  after  quench  from  1250*  in  water  (hold  3  min);  o)  speci¬ 
mens  destroyed  by  intercrystalline  corrosion;  o)  specimens  destroyed  by 
Intercrystalline  corrosion;  o)  specimens  withstood  intercrystalline  cor¬ 
rosion  testing  per  GOST  6032-58  (AM  method),  1)  Temperature,  *C;  2) 
0Kh21N5T  steel;  3)  initial  condition,  15  min,  quench  from  1000*;  4)  3 


min,  quench  from  1250*;  5)  seconds. 


Pitt  4  Stmacture-select Ive  corrosion  of  lKh21N5T  steel  in  solution  of 
copper  sulfate  and  sulfuric  acid  after  water  quench  from  980  and  2- 
hour  temper  at  550". 


■j  |f .»/*•' 

irooo 


*oo  ibt  too  lot 

Pig.  5*  Variation  cf  mechanical  properties  of  lKh21N5T  steel  with  test 
ten^)erature.  1)  o^,  Oq  g  4g/mm2;  2)  and;  3)  tenqjerature,  *C. 
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Pig.  6.  Variation  of  corrosion  resistance  of  "basic  metal  and  welded 
specimens  of  various  steels  as  a  function  of  number  of  cycles  in  boil¬ 
ing  65^  nitric  acid.  Each  cycle  is  48  hours  of  boiling.  1)  Weight  loss, 
2 

g/m  -hrj  2)  base  metal;  3)  welded  specimens;  4)  number  of  cycles. 

TABLE  1 


Chemical  Con^ositlon  of  Sustenitic -Ferritic  Chrome- 
Nickel  Stainless  Steels 
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TABLE  2 

Mechanical  Properties  and  Heat  Treatment  of  Aus¬ 
tenitic  -Ferritic  Stainless  Steels 
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1)  Steel  per  Grostj  2)  factory  designation;  3)  mill  product;  4)  OOST  or 

TU:  5)  heat  treatment;  6)  (kg/mm  );  7)  aj^  (kgm/cm  );  8)  thin  sheet; 

9)  GOST;  lOl  quench  from  —  in  air,  in  water;  11)  EP;  12)  thick  sheet; 
13)  ChMTU;  i4)  rod;  15)  quench  from  —  in  air;  16)  quench  from  —  In  wa¬ 
ter,  in  air;  17)  wire;  lo)  El;  19)  quench  from  —  in  water;  20)  tube. 

TABLE  3 

Typical  Mechanical  Properties 
of  lKh21N5T  Steel* 
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♦Sheet  thickness  i:5  mm. 

1)  Material  condition;  2)  (kg/mm^);  3)  number  of  bends;  4)  Erlchsen 

test  (mm);  5)  after  air  quench  from;  6)  after  work  hardening  In  cold 
condition. 
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TABLE  4 

^Mechanical  Properties  of  Weld 
’Joints  of  Hot  Rolled  Sheets* 
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2 

1)  Form  of  welding;  2)  number  of  bends  or  bend  angle;  3)  (kg/iran  );  k) 
longitudinal  specimen;  0)  transverse  specimen:  6)  parent  material;  7) 
electro-arc  welding  with  coated  electrodes;  8)  argon-arc  welding. 


TABLE  5 

Corrosion  Resistance  of  lKhl8N9T  and  Type  20-12-Sl 
Steels  in  Bolling  60%  Nitric  Acid 


M>r« 

(/  «’  ••c) 

CtM* 

n 

■  <a»*r  :  aid  ! 

~6" 

rprt 

np»Tk 

1 

*1 

ONw.ia 

UIIK.IA 

iHR.livt 

9  JO-tO-Tl 

aa«(a.iKa  c  »  »<>4e 

'}  .  13  0  <1* 

i- .  * 

1' ,  3 : 

o.:9 

(m«  IXIIHfT) 

To  •  4»Tnjr'-w  •  Tf^Miir 

1  v 

I 

I  T  3  ; 

:  1 

7  8 

«  T 

Dp«  *1  \ 

T-’  m  •  Tf’WwBr 

"M*' 

! 

npm 

-■  n  .1  :  ■ 

:  5 

i  : 

:  8 

}0-tl-7.)Sl 

7*  af* 

‘  '  J  tA 

:  * 

- .  \ 

c  o.to\  c 

T"  w»  H  .Turn.  •  rr«ri»r 

* 

12 

1  •  z* 

•  i 

♦Each  cycle  is  43  houi'S  stay  in  the  boiling  acid. 

Ij  Steel;  2)  heat  treatment;  3)  weight  loss  4)  one  cycle*; 

5;  two  cycles;  6)  three  cycles;  7)  four  cycles;  8)  five  cycles;  9) 
(type  IKhlSNQT):  10)  water  quench  from  1050®;  11)  same  and  temper L:.g 
for  2  hours  at  650“ ;  12)  with. 

OKh21N5T,  lKh21.N5T,  and  O.KhllNb.MOT  cla'ome -nickel  austenitic-fer¬ 
ritic  stainless  steels.  At  hi  ;h  temperatures  the  lKh21N5T  steel  has 
relatively  low  mechanical  properties  which  decrease  rapidly  with  heat- 
lrv7.  above  500*  (Fig.  5).  The  steel  welds  well  using  various  welding 
methods;  spot,  manual  electric-arc  and  argon-arc  with  the  use  of  weld 
wire  made  from  steel  of  the  sair.e  cor.pcsitlon  or  from  chrome-nickel 
steel  of  the  lb-8  and  l8-S-with-nioblur.  types. 
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In  the  heat  treated  condition  the  0Kh21N5T  and  lKh21N5T  steels 
have  high  corrosion  resistance  In  oxidizing  media,  very  close  to  the 
resistance  of  the  chrome-nickel  austenitic  stainless  steel  of  the  l8-8 
type  with  niohluia.  When  tested  per  GOST  6032-58,  weld  Joints  mr.de  from 
the  0Kh21N5T  and  ljCh21N5T  steels  using  the  TsL-ll  electrode  (lKhl8N9B 
weld  wire)  do  not  have  intercrystalline  corrosion  in  the  thermally  af¬ 
fected  zone.  However  corrosion  of  the  putting  type  in  boiling  655^  ni¬ 
tric  acid  is  about  the  same  as  for  the  lKhl8N9T  steel.  The  variation 
of  the  corrosion  rate  of  these  sterls  and  weld  Joints  in  655^  nitric 
acid  as  a  function  of  the  number  of  cycles  of  48-hour  boiling  is  shown 
in  Fig.  6.  The  0Kh21N6M2T  steel  also  belongs  to  the  austenitic -ferritic 
stainless  steel  group,  but  thanks  to  the  molybdenum  additive  it  has 
higher  corrosion  resistance  in  several  media  in  which  the  18-12  type 
chrome-nickel  steel  with  molybdenum  is  used.  This  steel  has  higher  tend¬ 
ency  to  precipitation  of  the  o-phase,  and  also  to  embrittlement  at  a 
temperature  of  475**  as  a  result  of  the  large  quantity  of  ferritic -form¬ 
ing  elements  present.  After  water  quench  from  1000”  it  has  high  cor¬ 
rosion  resistance  in  several  media  and  is  not  prone  to  intercrystal¬ 
line  corrosion  even  with  quite  long  exposure.  Quenching  of  the 
0Kh21N6M2T  steels  from  high  temperatures  (1200”)  leads  to  the  appear¬ 
ance  of  a  tendency  to  Intercrystalline  corrosion  directly  after  luench- 
Ing,  and  also  after  tempering. 

The  austenitic-ferritic  stainless  steeds  based  on  the  systems  Fe  — 
—  Cr  “  Mn  or  Fe  —  Cr  —  M:.  -*  Ni,  which  liave  about  the  same  properties 
as  the  chrome-nickel  austenitic-ferritic  stainless  steels  Just  consid¬ 
ered,  find  some  application  in  the  0*7. 

High  manganese  content  (mere  than  lOJt)  in  the  chrome-manga:iese 
steels  and  high  chrome  content  In  the  c hi* ome-maTiganese -nickel  steels 
lead  to  very  severe  embrittlement  as  a  res'ilt  of  precipitation  of  the 


1 1 -2  7  NT 

intermetalllc  a~phaseo 

The  chrome-nlckel-silicon  austenitic -ferritic  stainless  steels  in¬ 
clude  the  chrome-nickel-sliicon  steels  of  the  austenitic -ferrite  type, 
which  as  a  result  of  the  two -phase  structure  have  higher  mechanical 
properties  than  the  l8-8  type  austenitic  chrome-nickel  steels,  high 
corrosion  resistance,  low  tendency  to  carbonization,  better  casting 
properties,  but  greater  tendency  to  embrittlement  as  a  result  of  pre¬ 
cipitation  of  the  a-phase.  At  the  same  time  the  high  silicon  content 
has  an  unfavorable  effect  on  hot  pressure  working,  reduces  the  plas¬ 
ticity  in  the  hot  condition.  The  type  20-10  chrome-nickel  steel  with 
silicon  shows  somewhat  better  corrosion  stability  in  dilute  solu¬ 

tions  of  hydrochloric  and  sulfuric  acids,  but  poorer  corrosion  resis¬ 
tance  in  boiling  solutions  of  60  and  60%  nitric  acid.  Table  5  shows 
the  corrosion  resistance  of  the  lKhl8N9T  and  type  20-10  chrome -nickel 
steels  with  silicon  in  boiling  60^  nitric  acid.  These  data  indicate 
the  unfavorable  effect  of  silicon  addition  on  the  corrosion  resistance 
of  steel  in  nitric  acid  of  this  strength. 

TABLE  6 

Mechanical  Properties  of  l8-10 

Steel  With  3-5^  Si 

I,  » 

O.  O,  I  ^ 

(w.'iu*)  - - 

I  .-1  I  C4) 

- c - 

■5  •JlMTi.e .  62  14  13 

r  JiHThe  +  BunepwKa  b  reie- 
4  Hwe  40  MHH.  npii  1050” 

,  H  iinac .  70  3fi  40 

p  Khh.ihbr  iTa/ih .  85  44  58 

^  HnHaNKH  rrajib  -f-  BMAep>KKai 
O  B  T»<ieHMC  40  HHH.  PpH 

1050”  B  Bfiac .  83  53  70 

p  _ 

1)  Treatment;  2)  a  (k^mm  ) ;  3)  cast;  4)  cast  +  soak  for  40  mlji  at 
1050®,  water  quench;  5)  wrought  steel;  6)  wrought  steel  +  soaking  soak 
for  40  min  at  1050°,  water  quench. 

The  refinement  of  the  cast  structure  of  steel  with  silicon  leads 
to  Increase  of  with  simultaneous  Improvement  of  the  plasticity.  Heat 
treatment  at  1050°  also  has  a  favorable  effect,  increasing  the  strength 
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and  plasticity  of  the  cast  and  wrought  material. 

Technological  characteristics.  The  austenitic-ferritic  stainless 
steels  have  severe  anisotropy  of  properties  along  and  across  the  direc¬ 
tion  of  rolling  when  the  deformation  is  performed  predominantly  in  some 
one  direction  during  their  proauctlon.  The  two-phased  structure  of  the 
steel  also  has  an  lanfavorahle  effect  on  hot  pressure  working,  particu¬ 
larly  in  the  fabrication  of  seamless  tubing,  therefore  in  hot  pressure 
working  it  is  necessary  to  observe  narrow  heating  temperature  ranges 
and  lower  degrees  of  deformation. 

The  0Kh21N5T  and  lKh21N5T  steels  are  used  to  replace  the  lKhl8N9T 
steel  for  the  fabrication  of  corrosion-resistant  detail  parts.  The 
0Kh21N5T  steel  is  recommended  for  replacement  of  the  Khl7N13M3T 
(Khl8N12M2T)  chrome -nickel -molybdenum  steel  as  a  corrosion-resistant 
material  which  is  stable  in  acetic,  lactic,  oxalic,  phosphoric  acids 
and  other  aggressive  media. 

The  0Kh20Nl4S2  and  Kh21Nl4S2  steels  serve  for  the  fabrication  of 
scale-resistant  tubing,  furnace  conveyors,  cementation  boxes,  harigars 
and  supports  in  steam  boilers.  The  type  20-10  steels  with  silicon  may 
find  application  in  fabricating  elements  for  high  strength  structiures. 

References;  Khlmushln,  F.F.,  Nerzhaveyushchlye  stall  (Stainless 
Steels),  Moscow,  I963J  Babakov,  A. 4.  KhP,  1959*  No.  4;  Khlmushln,  F.F. , 
in  book:  Putl  ekonomii  nerzhaveyushchikh  staley  (Ways  of  Economizing 
Stainless  Steels),  Seminar  Transactions,  Moscow,  i960  (Moscow  House  of 
Scientific -Technical  Propaganda  Im.  F.E.  Dzerzhinskiy,  coll.  1)  Kuznet¬ 
sov,  V.V.,  Kachestvennaya  stal’  (High-Quality  Steel),  1935,  No.  7,  p.  5. 

F.F.  Khlmushln 
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AUSTENITIC  STAINLESS  STEEL  Is  steel  alloyed  with  chromium,  nickel, 
and  manganese  which  retains  the  structure  of  the  7-solld  solution 
(austenite)  with  cooling  from  high  temperature  to  room  temperature  and 
below.  In  contrast  with  ferritic  stainless  steel,  austenitic  stainless 
steel  is  nonmagnetic,  has  moderate  hardness  and  strength,  low  yield 
point  and  high  plastic  properties  (6  and  ^  >  50%).  In  application  lu 
the  austenitic  stainless  steels  quenching  is  the  heat  treatment  opera¬ 
tion  which  fixes  the  austenitic  structure.  With  nickel  or  manganese 
content  in  the  steel  which  is  not  adequate  for  the  formation  of  a  pure¬ 
ly  austenitic  structure,  intermediate  structures  are  obtained;  austen¬ 
ite  +  ferrite,  austenite  +  martensite,  and  others.  In  steel  of  the  sys¬ 
tem  Pe  —  Cr  ~  Mn,  as  a  result  of  the  lower  effectiveness  of  the  man¬ 
ganese  in  the  formation  of  the  austenitic  structure  the  austenite  + 
ferrite  or  austenite  +  martensite  regions  are  more  developed  (Fig.  1). 


Fig.  1.  Ternary  diagrams:  a)  system  Fe  —  Cr  —  Nl;  b)  system  Pe  -  Cr  -  Mn 
A  —  stable  austenite:  A^  —  unstable  austenite;  <I)  —  ferrite;  -  6-far- 

rlte;  M  —  martensite;  K  —  carbides;  a  —  intermetallide  a-phase. 

Introduction  into  the  composition  of  chrome-nickel  steel  of  vari¬ 
ous  elements  causes  a  change  of  position  on  the  state  diagrams  of  the 
phases  y,  a  and  7  +  a.  Increase  of  the  chrome  content,  introduction  of 
titanium,  niobium,  silicon,  tantalum,  aluminum,  and  molybdenum  promote 
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the  formation  of  the  ferritic  phase.  Increase  of  the  nickel  content, 
introduction  of  nitrogen,  carbon,  mangemese,  on  the  other  hand,  pro¬ 
mote  expansion  of  the  region  of  existence  of  the  austenite  and  increase 
its  stability.  With  respect  to  the  efficiency  of  their  austenite -form¬ 
ing  effect,  the  alloying  elements  are  arranged  in  the  following  se¬ 
quence  (with  indication  of  the  nominal  coefficients):  carbon  (30)>  ni¬ 
trogen  (26),  nickel  (1),  manganese  (0.6*0. 7),  copper  (0,3).  The  fer¬ 
rite-forming  elements  are;  aluminum  (12),  vanadium  (11),  titanium 
(7.2-5),  silicon  (5*2),  niobium  (4.5),  molybdenum  (4.2),  tantalmn 
(2.8),  tungsten  (2.1),  chromium  (1). 

Long-term  heating  of  the  austenitic  steels  at  700-900“  or  slow 
cooling  from  high  temperatures  causes  the  formation  of  the  hard  and 
brittle  intermetalllde  a-phase,  which  can  lead  to  a  very  severe  loss  of 
ductility.  Heating  the  steel  above  900“  eliminates  this  phenomenon, 
providing  for  transition  of  the  brittle  o-phase  into  a  solid  solution. 
Separation  of  the  a-phase  (Fig.  2)  may  take  place  directly  from  the 
austenite  or  from  the  ferrite  which  Is  formed  after  the  7^0  trans¬ 
formation.  The  austenitic  stainless  steel  which  has  the  a-phase  in  the 
structure  is  more  prone  to  cracking  as  a  result  of  the  action  of  tem- 
peratiire  changes.  The  degree  of  effectiveness  of  the  influence  of  the 
alloying  elements  on  the  reduction  of  the  martensitic  transformation 
temperature  Increases  in  the  following  order:  silicon  (0.45),  manganese 
(0.55)»  chromium  (0.68),  nickel  (1),  carbon  or  nitrogen  (£7)« 

The  stability  of  the  austenitic  structure  in  the  chrome-nickel 
steel  is  also  associated  with  the  change  of  solubility  of  carbon  (car¬ 
bides)  in  the  7-solld  solution  at  various  temperatures.  Separation  of 
the  carbides  from  the  7-solid  solution  as  a  result  of  heating  to  65O- 
800“  Increases  the  martensitic  trams formation  temperature. 

Separation  of  tlie  carbides  from  the  solid  solution  (austenite) 
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Fig.  2.  Separation  of  a-phase  in  the  ferrite  of  type  l8-8  steel  with 
titanium  after  quenching  from  1250°  and  2-hour  heating  at  800°. 

causes  a  change  in  it  of  the  concentration  of  the  alloying  elements, 
which  can  cause  partial  structural  transformation  and  change  of  the  ma 
magnetizability,  particularly  in  alloys  lying  near  the  boundary  between 
the  regions  of  the  y  and  a-phases.  This  transformation  takes  place  pre¬ 
ferentially  along  the  grain  boundaries,  where  there  is  the  greatest 
depletion  of  carbon  and  chromium  from  the  solid  solution,  which  makes 
the  steel  prone  to  Intercrystalline  corrosion.  Under  the  action  of  ag- 
grooe-iva  w.edia  such  a  steel  decomposes  rapidly,  even  more  rapidly  with 
higher  carbon  content.  Protracted  heating  at  500-700°  causes  a  tend¬ 
ency  to  intercT"vstalline  corrosion  of  steel  even  with  very  low  carbon 
content  (0. 017-0. 03?^) .  To  prevent  this  phenomenon,  additions  are  made 
to  the  austenitic  chrome-nickel  steels  of  such  strong  carbide-forming 
elements  as  titanium  or  niobium.  With  regard  to  Intercrystalline  cor¬ 
rosion,  the  austenitic  stainless  steels  are  divided  into  the  following 
groups:  those  which  have  high  tendency  to  Intercrystalline  corrosion 
with  heating  to  450-750°  {0Khl8N10,  OKhlSNll,  Khl8N9,  2Khl8N9,  2Khl3N- 
409,  Khl4Gl4N,  Khl7G9AN4,  Khl7AGl4);  those  which  are  not  prone  to  In- 
tercrystalllne  corrosion  (0Khl8N10T,  Khl8N9T,  0Khl8N12T,  lKhl8N12T, 
0Khl8N12B,  Khl4Gl4N3T).  Steels  of  the  first  group  cannot  be  used  above 
400-450°  in  aggressive  media.  For  operation  in  aggressive  media  parts 
must  be  subjected  to  heat  treatment  (austenitic  quench  from  1000-1100° 
into  water)  after  welding  (except  for  spot  and  seam  welding).  Steels  of 
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the  second  group  may  be  used  at  high  temperatures  and  in  weld  Joints. 
The  austenitic  stainless  stells  of  the  Intermediate  group  (OOKhlSNlO, 
OOKhl7G9AN4,  OKhl7N5G9BA)  with  short  duration  heating  in  the  course  of 
5-30  minutes  do  not  develop  a  strong  tendency  to  Intercrystalllne  cor¬ 
rosion.  This  permits  performing  welding  without  danger  of  onset  of  In- 
tercrystalllne  corrosion  In  the  weldment  in  the  thermally  effected  zone 
if  the  welding  is  performed  rapidly  enough.  The  lower  the  carbon  con¬ 
tent  in  this  steel  {0.03-0.06%),  the  more  resistant  it  is  to  inter¬ 
crystalline  corrosion. 

TABLE  1 

Chemical  Composition 


C.TflJIl. 

Iin  rOCT 
5(i3U-8l 


CoAepma  Hue  a.icMrHTriB,  % 


MP  »;ieiieHTM 
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XI8HI11T 

IIXI8HI3T 

XI8H12T 
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XCroAH. 

xuri*H 

xi;ruH3T 

xitati; 

oxi7ii;.r9f;A 
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0XI7HI6M3T 
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M"  0.7% 
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11-13 
3. 7-4. 7 
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;y  ,,5^eeL  per  GOST  5632-6lj  2)  fMCtji?ry_^S^gfi^tlp»f  w-roi 
3;  content  of' elements.  4)  other  elements]  5) 
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Pig.  3»  Variation  of  mechanical  properties  of  austenitic  stainless 
steel  as  a  function  of  degree  of  reduction  with  cold  rolling  of  1.5-2- 
mm-thick  sheet.  1)  kg/mm^]  2)  2Khl3G9N4;  3)  2Khl8N9;  4)  K1U4gi4N; 

5)  2Khl3G9N4j  6)  Khl7G9AN4;  7)  degree  of  reduction, 


Pig.  4.  Variation  of  mechanical  oropertles  of  Khl3N4G9  steel  with  tern 
perature  increase.  1)  okg/mm^;  2}  temperature,  ®C. 


The  strength  of  chrome-nickel  steel  may  be  increased  considerably 
by  strain  hardening  during  cold  rolling,  drawing,  staii?)ing.  Here  may 
reach  120  kg/mra  for  sheet  and  strip,  Oq  2  increases  to  100-120  kg/mm  , 
at  the  same  time  the  plastic  properties  drop,  b  falling  from  50-60?6  to 
10-185^  (see  Pig.  3)»  However  this  plasticity  is  adequate  for  part  fa- 
brlcatlon.  Por  wire  increases  to  180-260  kg/mm  .  In  comparison  with 
the  ferritic  and  seml-ferritlc  stainless  steels,  the  austenitic  stain¬ 
less  steels  have  higher  mechanical  properties  at  elevated  temperatures 
(Pigs.  4,  5). 

Type  18-8  chrome-nickel  steel  (OOKhk8N10,  0khl8N10,  Khl8N9, 


II-?6N5 

<.'Khl8N9)*  Stee]:;  with  low  carbon  content  (OOKhlSNIO  and  Oi'iilSNlO)  are 
used  primarily  as  welding  electrode  wire.  The  lower  the  carbon  content 
In  the  welding  wire,  the  higher  the  corrosion  resistance  of  the  weld 
seam.  Steels  Khl8N9  and  .'Khl8N9  have  a  strong  tendency  to  intercry¬ 
stalline  corrosion  even  with  brief  heating  in  the  moderate  temperature 
range,  therefore  after  welding  the  parts  are  subjected  to  an  austeni¬ 
tic  structural  quench.  The  steels  Khl8N9  and  2Khl8N9  are  used  primari¬ 
ly  in  the  work -hardened  condition  for  the  fabrication  of  high  strength 
parts  for  aircraft  and  autos  which  are  Joined  by  electric  spot  or  seam 
welding. 

TABLE  2 

Mechanical  Properties  (No  Less  Than) 
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♦GOST  3582-61  for  sneet,  GOST  59^9-81  for  rod. 

1)  Steel  per  GOST  5632 -6I;  2)  factory  deslgantlon;  3)  mlkk  product*; 
Uj  heat  treatment:  5)  (Kg/mm2);  6)  sheet;  7)  rod  7  quench  from;  8)  in 
water;  9)  rod;  IC)  in  air,  oil  or  water;  11)  in  water  or  air;  12) 
cooled  in  water,  oil,  or  air;  13)  by  agreement. 
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Pig.  5«  Stress  rupture  strength  after  1000  hours  (a)  and  creep 

limits  0^5^.10,000  ""15^-100,000  chrome-nickel  austenitic 

stainless  steel  at  elevated  temperatures.  1)  kg/nai  ;  2)  Khl7G9- 

AN4;  3)  temperature,  “Cj  4)  temperature  of  test"^  "^in  “C. 

The  chrome-manganese-nickel  steel  Khl4Gl4N  with  chrome  content 
12-145^  is  prone  to  intercrystalline  corrosion  during  welding  and  after 
heating  in  the  dangerous  temperature  range.  It  is  used  for  parts  in 
equipment  requiring  high  plasticity  and  nonmagnetizahili^y.  In  corro¬ 
sion  resistance  it  is  close  to  the  12-145^  chrome  steels.  It  surpasses 
the  l6-6  type  steel  in  strength  after  tem.pering.  It  is  satisfactorily 
welded  hy  manual  and  automatic  snot,  unci  roilo-r  with  the  use  of 

weld  wire  from  the  type  l5-8  stainless  chrome-nickel  steel.  Heat  treat¬ 
ment  01  the  steel  after  welding  (other  than  spot  welding)  is  established 
as  a  function  of  the  carbon  content  by  control  tests  of  weld  specimens 
for  intercrystalline  corrosion  per  GOST  6032-88. 

The  2Khl3CJ9N4  steel  is  used  for  fabrication  of  high-strength  struc¬ 
tures,  primarily  from  cold  niJed  profiled  strip.  The  strength  and 
hardness  of  this  steel  increase  with  cold  deformation  more  strongly 
than  for  the  type  l8-3  chrom.e-nicke  steel.  Therefore  in  cold  rolling  of 
strip  large  degrees  of  deformation  must  not  be  permitted  in  order  to 
avoid  excessive  loss  of  plasticity. 
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This  5te‘'l  r-’’ 

is  widely  used  in  the  f  jrtuffs  iniust.  ..  I*,  r-  •  ■  ■  "*■'  r.^rl-el 

properties  to  Uhn°.  it  has  a  tf-ndency  to  Int-'r  rrcslon, 

therefore  it  serves  primarily  for  the  fabricati  -Ti  .  f  parts  whv  se  j  in- 
ing  is  accomplished  with  the  aid  of  spot  or  roller  welding.  Fur  the 
same  reason,  high  cooling  rat.ps  must  be  used  in  the  heat  tree  tment  of 
cold  rolled  strip. 

Chrome -manganese -nickel  steels  with  17-lS^  chrome  and  nitrogen 
added  {Khl7AG14  and  Khl7G9Ah’4)  have  high  resistance  to  atmospheric  cor¬ 
rosion  and  in  oxidative  media.  For  parts  v;hich  are  fabricated  using 
arc,  argon-arc,  gas  and  atomic  hydrogen  welding,  it  is  n^^cessary  to  use 
a  steel  with  low  carbon  content  (0.03-0.05^)  and  control  the  process 
strictly  to  avoid  a  tendency  to  intercrystalline  corrosion  in  the  weld 
Joints.  For  parts  fabricated  using  spot  or  roller  welding,  parts  which 
are  heat  treated  after  weldliig,  and  for  parts  operating  in  atmospheric 
conditions,  it  is  possible  to  use  a  steel  of  this  type  with  higher  car¬ 
bon  content. 

TABLE  3 

Mechanical  P'operties  of  Khl7AGl4 

Steel  at  Lew  Temperatures 


I  (t  n.  .  A  I* 


-  m  it  7.^  r  2^ 

V*,  ^2 

—*9^  I  tl.  *  fv  • 


1)  Temper itu’^e  (°C);  2)  (kg/mir;'),; 

3)  (ks-^'r  ) 

The  KhlTAGlA  steel  is  r.aixedly  strengthened  with  cold  rolliruj,  and 
is  used  for  ccmnerclal  equipment  and  as  a  nonmagnetic  raeterial. 

The  l8-3  type  chrome-nickel  steels  with  addition  of  titaniu-  r 
niobium  (>:b.l8N9T,  KhlSNlOT,  OKie.TlOT,  OKhl8N12T,  OKhlSNliB).  A-"  tion 
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of  titanium  or  niobium  reduces  the  tendency  of  the  steel  to  intercry¬ 
stalline  corrosion.  Titanium  and  niobium  form  stable  carbides  of  the 
TIC  and  NbC  type,  in  this  case  the  chrome  which  is  useful  for  increas¬ 
ing  the  corrosion  resistance  does  not  enter  into  the  con4)osltion  of  the 
carbJ  s  and  is  retained  in  the  solid  solution.  Titanium  is  introduced 
into  the  steel  in  an  amount  greater  than  carbon  by  a  factor  of  4-5.5, 
and  niobium  by  a  factor  of  8-10  times.  When  the  titanium  or  niobium  con¬ 
tent  in  relation  to  carbon  is  at  the  lower  limit  the  steel  is  not  al¬ 
ways  resistant  to  intercrystalline  corrosion,  particularly  in  long-term 
service  at  moderate  temperatures  (500-800®).  This  is  caused  by  the  ef¬ 
fect  of  the  nitrogen  which  is  always  present  in  the  steel  and  binds 
part  of  the  titanium  into  nitrides,  and  also  by  the  effect  of  heat 
treatment.  Overheating  the  steel  during  heat  treatment  (above  1100°)  or 
welding  is  considered  harmful,  particularly  in  those  cases  when  the  re¬ 
lationship  between  the  tltanlima  and  carbon  is  at  the  lower  limit  in¬ 
dicated  by  the  formula  T1  >  5(5^C  —  0.02).  In  this  case  the  lKhl8N9T 
steel  which  has  been  quenched  from  a  temperature  above  1150°  acquires 
a  tendency  to  Intercrystalline  corrosion.  In  the  case  of  normal  heat 
treatment  regimes  (quenching  from  1050°)  and  in  the  case  of  short-time 
heating,  it  is  necessary  that  the  ratio  of  titanium  or  niobium  to  car¬ 
bon  be  respectively  no  less  than  5  and  10.  For  long-duration  service  of 
parts  at  500-750”  it  is  Important  that  these  ratios  be  no  less  than  7- 
10  for  titanium  and  12  for  niobium.  To  reduce  the  tendency  of  the  steel 
to  intercrystalline  corrosion,  a  major  reduction  of  the  carbon  content 
to  0.03-0.055^  is  advisable.  The  corrosion  resistance  of  welded  Joints 
made  from  steel  of  this  type  depends  on  the  titanium  and  carbon  con¬ 
tent  in  the  base  metal  and  in  the  weld  seam.  Since  titanium  burns  up 
markedly  during  welding,  for  the  electrodes  use  is  made  of  special 
coatings  in  which  the  titanium  appears  in  tne  form  of  ferrotltanlum  in 
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order  to  compensate  for  the  loss  of  titanium  in  the  welding  wire.  Gen¬ 
erally,  use  is  made  of  welding  wire  made  from  the  l8-8  type  chrome- 
nickel  steel  without  titanium,  but  with  a  very  low  (<0.065^)  carbon  con¬ 
tent  (steels  OKhl8N9  and  0Khl8N10)  or  electrodes  made  from  the  18-12 
type  steel  with  niobium  (0Khl8N12B).  In  weld  Joints  made  from  the 
lKhl8N9T  steel  operating  in  media  containing  nitric  acid  it  is  possible 
to  have  corrosion  of  the  pitting  type  resulting  from  the  high  (>0,06^) 
carbon  content  in  the  steel.  Therefore  equipment  components  for  nitric 
acid  production  are  made  from  the  OKhlSNlOT  steel  with  carbon  content 
Q,06%.  In  addition,  this  steel  has  higher  over-all  corrosion  resistance. 

In  the  deposited  metal  of  f-  >  weld  seam  of  a  Joint  of  steel  with 
titaniiim,  having  a  two-ph-^e  structvj-e  y  +  it  is  possible  to  have 
the  Cl  ^  o-transformatlon  with  long-term  heating  in  the  range  of  moderate 
temperatures  {630-800°) ,  which  makes  the  weld  seam  very  brittle.  A 
stabilizing  anneal  at  a  temperature  of  850-900“  is  recommended  in  order 
tl  restlre  tge  tcugl'ciess  of  the  weld  seam  and  to  increase  the  corro¬ 
sion  resistance.  It  is  also  very  useful  for  relieving  strain  hardening 
and  eliminating  stress  corrosion  cracking  in  boiling  magnesium  chloride 
and  other  media  containing  chlorine  ions. 

The  type  l8-8  chrome -nickel  steels  with  titanium  and  niobiiun  are 
widely  used  for  fabricating  detail  parts  operating  at  600-800“.  Figure 
6  shows  the  effect  of  tempering  temperature  on  the  stress  n;q)ture 

strength  of  the  OKhlSNlOT  and  0Khl8N12B  steels  at  a  test  temperature  of 

2 

800“  and  a  stress  of  8  kg/mn;  ,  and  also  the  resistance  to  thermal  cy¬ 
cling  with  a  temperature  gradient  At  =  800“  —  20®.  Prom  Pig.  6  we  see 
that  high  tempering  temperatures  should  not  be  used  for  detail  parts 
operating  in  conditions  of  frequent  thermal  cycling. 

The  OKhl7N5G9BA  chrome-manganese-nickel  steel  with  niobium  added 
has  high  resistance  to  intercrystalline  corrosion  and  high  corrosion 
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Pig.  6.  Strength  of  OKhlSNlOT  (a)  and  OKhl8N12B  (b)  steels  with  tem¬ 
perature  cycling  (number  of  cycles  to  failure)  and  stress  ruptiore 
strength  (time  to  failure  in  hours)  as  a  function  of  tempering  ten5)era- 
ture.  1)  Number  of  cyclesj  2)  grain  size  per  ASTM  scale;  3)  time,  hours; 

4)  a  =  8  kg/mm  ;  5)  stress  rupture;  6)  ten^jering  temperature,  ®C. 


tfOO  T200 


Fig.  7«  Tendency  of  OKhl7N5G9BA  steel  to  Intercrystalline  corrosion 
per  GOST  6032-50  (AM  method)  as  a  function  of  tiire  and  tenperature;  •  -- 
steel  prone  to  intercrystalline  corrosion;  O  -  steel  not  prone  to  in¬ 
tercrystalline  corrosion.  1)  teriperatura,  °C:  2)  EP55  steel,  as  de- 
l.ivered,  1000®  (water);  3)  niin.  temper  at;  4)  time,  sec. 


resistance  in  weldments  operating  in  nitric  acid.  It  does  not  have  com¬ 
plete  immunity  to  Intercrystalline  corrosion  ’indar  long-tern  action  of 
critical  temperatures,  and  has  a  tendency  to  Intercrystalline  corrosion 
after  long-term  heating  at  :500-750°'  (Fig.  7)-  At  high  temperature  it 
has  approximately  the  same  mechanical  properties  as  the  type  I8-8 
chrome -nickel  steel. 
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The  Khl4Gl4N3T  steel  has  high  strength  and  high  plasticity,  is  not 
prone  to  intercrystalline  corrosion,  and  may  be  used  to  fabricate  weld 
parts  without  subsequent  heat  treatment.  The  mechanical  properties  of 
this  steel  may  be  improved  by  rolling  in  the  cold  condition.  Heating  in 
the  temperature  range  500-700*  does  not  alter  the  mechanical  properties 
of  the  steel  at  room  temperatures.  The  steel  is  produced  in  the  form 
of  bar,  sheet,  and  strip,  welds  well  by  all  forms  of  welding  with  the 
use  of  weld  wire  made  from  type  18-8  steel  with  or  without  niobium. 

The  chrome-nickel-molybdenum  steels  Khl7N13M2T  and  Khl7N13M3T  are 
used  to  fabricate  equipment  for  producing  synthetic  fertilizers,  in  the 
paper  industry,  in  chemical  machinery  construction,  and  in  the  petrole¬ 
um  refining  industry.  These  steels  demonstrate  high  corrosion  resis¬ 
tance  to  sulfuric,  boiling  phosphoric,  formic  and  acetic  acids,  while 
the  steels  with  an  Increased  molybdenum  content  are  also  resistant  in 
hot  solutions  of  bleaching  powder.  Steels  with  increased  carbon  content 
(>0.075^)  acquire  a  tendency  to  intercrystalline  corrosion  with  welding 
and  slow  cooling,  and  also  under  conditions  of  long-term  heating  in  the 
moderate  temperature  range.  With  short-term  heating  in  the  moderate 
temperature  range  (welding),  satisfactory  results  are  obtained  with  the 
use  of  a  steel  with  a  carbon  content  less  than  0.07^,  or  still  better 
no  higher  than  0.03-0.045^.  Steels  with  titanium  additions  are  not  prone 
intercrystalline  corrosion  with  higher  carbon  content.  Addition  of 
molybdenum  to  the  chrome-nickel  steels  increases  the  corrosion  resis¬ 
tance  in  dilute  solutions  of  sulfuric  acid  and  imparls  the  corrosion 
resistance  in  boiling  655^  nitric  acid  (Pig.  8).  The  chrome-nlckel-molyb- 
denum  steels  weld  well  with  the  use  of  weld  wire  of  the  same  coii?)Ob1- 
tlon. 

As  a  result  of  the  addition  of  molybdenum  and  a  high  nickel  con¬ 
tent,  the  0Kh23N28M2T  chrome-nickel-molybdenum  steel  has  high  corrosion 
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Pig.  8.  Effect  of  molybdenum  on  corrosion  rate  of  type  19-9  and  19-12 
chrome-nickel  steels  In  boiling  655^  nitric  acid  after  austenitic  temper 
Ing  and  also  In  acidified  solution  of  copper  sulfate.  1)  Corrosion  rate, 
mm/yearj  2)  mm/yearj  3)  steel;  4)  Mo  content, 


resistance  In  dilute  solutions  of  sulfuric  acid  (to  20$^)  at  ten^era- 
tures  not  over  60*,  in  phosphoric  acid  containing  fluorine  compounds, 
and  other  highly  aggressive  media.  It  la  used  In  detail  parts  of  ma¬ 
chinery  for  producing  synthetic  fertilizers.  After  an  austenitic  tem¬ 
pering,  the  steel  has  moderate  strength  and  high  plasticity,  welds  well 
by  argon  arc  welding  using  electrodes  of  the  same  composition.  In  spite 
of  the  titanium  content,  the  steel  has  a  tendency  to  intercrystalline 
corrosion  after  short-time  heating  at  650®  if  the  ratio  of  the  titanium 
content  to  the  carbon  content  is  less  than  seven. 

The  0kh23N28M3D3T  chrome -nickel-molybdenum  steel  is  used  quite 
successfully  for  condensers  in  the  production  of  sulfuric  acid  by  the 
tower  process,  for  exhausters  in  producing  fluosillcic  acid,  and  also 
for  vacuum  tanks  in  producing  concentrated  fertilizers,  has  properties 
which  are  typical  for  the  austenitic  steels,  welds  well  with  the  use  of 
material  of  the  same  con^osltlon.  In  welding  it  is  important  to  adhere 
to  the  ten?)erature  and  time  provided  for  in  the  specifications,  avoid¬ 
ing  extended  heating  in  the  moderate  ten^eratvire  range  ot  eliminate  any 
possible  tendency  to  intercrystalline  corrosion. 

The  precesslng  properties  of  the  austenitic  stainless  steels  are 
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Pig,  9,  Variation  of  coefficient  of  linear  expansion  of  austenitic 
stainless  steel  as  a  function  of  temperature.  1)  0Khl7N5Q9BA;  2) 
Khl4Gl4N3T;  3)  Khl8N9Ts  4)  Khl4Gl4N;  5)  temperature,  “C. 
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Fig.  10.  Variation  of  coefficient  of  thermal  conductivity  of  austenitic 
stainless  steel  as  a  function  of  temperature.  1)  X,  cal/cm-seC“*C;  2) 
Khl4Gl4N3Tj  3)  termperature,  “C. 

completely  satisfactory,  pressure  working  is  performed  at  II5O-850®, 
while  for  steels  with  copper  the  range  for  hot  working  si  somewhat  nar¬ 
rower  (1100-900®).  At  high  ten^eratures  the  austenitic  stainless  steels 
are  more  subject  to  grain  growth  than  the  steels  of  the  martensitic  and 
ferritic  classes.  At  room  temperature  austenitic  stainless  steel  has  a 
high  coefficient  of  linear  expansion,  increasing  with  increase  of  heat¬ 
ing  temperature  (Pig.  9)  and  a  high  coefficient  of  thermal  conductivity 
(Pig.  10).  However  at  high  ten9)eratures  the  difference  between  a  and  p 
for  austenitic  stainless  steel  and  the  ferritic  class  steel  diminishes. 
Therefore  heating  of  austenitic  stainless  steel  at  lower  teaqperatures 
must  be  performed  slowly,  while  at  high  temperatures  (above  800*)  it 
must  be  done  rapidly. 


373 


II-?6N14 
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AUSTENITIZATION  —  conversion  of  the  Initial  structure  of  steel  to 
austenite  by  heating  to  a  temperature  above  the  critical  limit.  Austen¬ 
itization  Is  necessarily  entailed  by  the  processes  Involved  In  the  heat 
treatment  oi  steel,  which  are  based  on  phase  recrystaillzation:  qucncii- 
Ing,  annealing,  and  normalization. 

A.P.  Oolovln 
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AUTOADHESION  (self  adhesion)  -  adhesion  of  two  Identical  polymers, 
accompanied  by  mutual  diffusion  of  the  polymer  chains  and  Individual 
links.  The  strength  of  the  autoadhesion  bond  Increases  with  time,  ap¬ 
proximating  the  cohesive  strength  (see  Cohesion). 

G.M.  Bartenev 
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AUTCMATIC  STEEL  -  free-cutting  steel.  Used  In  the  fabrication  of 
machined  components  with  a  view  to  high  productivity  of  the  machining 
equipment,  especially  automatic  and  semiautomatic  types.  Distinguished 
by  unusually  high  sulfur  content,  which  is  necessary  for  fomatlon  of 
iaclusionB,  chiefly  of  '  z".,:;" r  .wc  zulflde;  IncluBlons,  arrayed 

I 

along  the  fiber,  facilitate  cu;ting  by  assisting  in  breaking  and  easy 
removal  of  the  chip.  Automatic  steel  contains  the  amount  of  manganese 
necessary'  to  bind  the  sulfur;  if  tte  sulfur  content  la  Increased,  the 
manganese  content  is  also  raised.  In  many  automatic  steels  made  In  the 
USA,  lead  is  added  as  an  alloying  element  to  Improve  cutting.  The  chem¬ 
ical  compositions  of  domestic  automatic  steels  are  listed  in  Table  1. 


Influence  of  work-haixlenlng  on  the  mechanical  properties  of  steel  A12 
(0.135i;  C;  0.6-0. 9i<Mn;  0.1^0.23%  S;  C.09-0.13J<  P).  A)  JcgAm^;  B)  up¬ 
setting  i*atlo,  %. 


Automatic  steels  are  produced  In  rod  form.  To  increase  the  mechan¬ 
ical  properties  and  Improve  cutting,  automatic  steels  frequently 
shipped  in  the  work-hardened  state.  This  reduces  the  energy  required 
for  plastic  deformation  In  chip  formation.  The  mechanical  properties 
of  autcnatic  steels  in  the  as-delivered  state  are  listed  in  Table  2. 


377 


TABLE  1 

Chemical  Composition 


_ _  2  UMKMTM  (%) 


3rooT,'nr 


6.36-0.16 

0.11-0.26 

6. 6-6. 6 

6.06-0.20  ! 

0.01-6. If 

6,11—6.11 

0.16-0.11 

6. 6-6, 6 

6. 66-0. Of 

<0,06 

6.21-6.16 

0.!1-6.11 

6. 7-1, 6 

6.06-0.16 

<0.06 

6,16—6.66 

0.11-6.16 

6. 7-1. 6 

0.06-0.11 

<0.06 

#0  li— 0. 

0.16—6.21 

1.2-1.66 

0.16-0.30 

<0.01 

1)  Steel;  2)  content  of  elements  i^) ;  3)  COST,  TU; 
4)  A40  g;  5)  OOST  1414-54;  6)  same;  7)  ChMTU  4934- 
55;  8)  OCST  1414-54. 

TABLE  2 

Mechanluaj.  ri'upertles  (after  GOST  I4i4- 


COTTOAHM  Hat«p«VM 
(apyrira*) 


ropii««MTam*,  ao  z:c  «<•  42— ST 

XoapMMtUTTtM  ■•rtpTokta- 

■  u«.  4  1-26  JLX .  66-66 

To  mt.  4  26-16  MJ,  .  6S-T$ 

To  DIO.  6  16-166  JIM .  12-70 


1.61- 4.1 

4.61- 4.1 


repMotoiTtOMO,  4  60  206  jua  46—61 
tato«OHWfl TTMO  ■tklpiroMO* 

4  1-26  MM .  62-62 

Ifo  aio.  4  26-66  mm .  17-71 

To  Mt.  4  16-166  MM .  14-71 


4.11-4.1 

4.61-4.1 

4.61-4.1 


f  repaatatTOSMt.  4  1—200  jui  ' 

11-07 

11  I  21 

,*4,43 

irX  OMPICmTTlit  ■aC>pTO»B^  ! 
^  BWf.  4  j-io  . . 1 

04-04 

*  - 

4.11-1,01 

\  To  0  JUS 

00-00 

•  “ 

- 

^To  aw.  4  JO-iOO  MM . 

11-77 

»  - 

— 

ropoomoT—MO.  4  1-206  jui  66-71  ;  I 


U  XnoooaoTaaTTwo.  4  1-160  ju« 
1.  (aocpo  otjeoirara  omico*) 


66-66  I  I 


Steel 

StatCpOf  iraterlal  (rods) 

kg/rrar* 

not  below 

mm 

hot-rolled,  d  below  200  mm 
cold-drawn  work-hardened,  i  f’^OTi  3  to 
20  mm 

same 

hot-rolled,  d  from  5  to  200  mm 
cold-dr^wn,  ^  from  3  to  100  mm  (after 
high  tempering). 


Typical  mechanical  properties  of  unwcrkhar^ened  Ai2  steel  a 


ated  temperatures  are  giver.  In  Tables  3  4. 


I-5a2 

TABLE  3  The  Influence  of  cold  deformation 

Ste^"Alf  on  the  mechanical  properties  of  A12 

'  ' ,  —  Steel  are  shown  In  the  figure.  The  crl- 

Tmn-pi  **  I  ’  ,1  I.,  ” 

(*‘  )  3  (XM*) 

tlcal  point  A  for  automatic  steels  of 

*ca  41  IT  Ji  ®1 

M*  M  ''I  5?  all  types  Is  732“ »  and  the  A^  foi 

»fb  II  10  iT  ^  I 

AVTemperature  (“C);  B)  ^30  are  875“.  865“ 

•  and  845“.  respectively, 

TABLE  4  Automatic  steels  are  forged  In  the 

Creep  Limit  (kg/mm^)  of 

annealed  A12  Steel  temperature  )?ange  from  1200  to  950*. 

cmopoetk  ^1  n  TsHo-pa  cc)  They  Submit  poorly  to  welding.  In  many 

•••opMtnaa  —  ■£— - ; - 

4ii  !  410  1  IJJ  its 

~  '  ~  T  "  I -  cases,  parts  made  from  low-carbon  auto- 

IO-’  11. J  »  a  O.i 

to-*  II  12  1  I  ,  j 

matlc  steels  (A12  and  A20)  are  given 

A)  Defomatlon  soeed  (mm/ 

/mm  per  hour);  B)  tempera-  chemlcothermal  machining  (case-hardening 
ture  (“C). 

or  cyanldlng),  quenched  In  water  or  caus¬ 
tic  soda  solution,  and  low-tempered.  After  such  processing,  the  surface 
hardness  RC  of  the  components  is  t)6-60.  Parts  made  from  steel  A30,  A35 
or  A40g  can  be  refined  by  quenching  with  subsequent  high  tempering. 


A)  Temperature  (“C);  B) 
kg/rnrn^. 

TABLE  4 

Creep  Limit  (kg/mm  )  of 
annealed  A12  Steel 

Caopocta  ^1  n  Tran  pa  CC) 


Caopocta  "  n  Ttao-pa  CC) 
•••opMtnaa  —  ^ ^ - 

iMMMMtntt)  41 J  410  1  J2i  its 


IO-. 

12.2 

"T1 

Q.& 

to-. 

II 

12  1 

1  4 

1  2 

A)  Defomatlon  soeed  (mm/ 
/mm  per  hour);  B)  tempera¬ 
ture  (“C). 


References  ;  Spravochnlk  po  mashlnostrcltea. 'nym  materlalam  (Hand¬ 
book  on  Mechanical  Engineering  Materials],  Vol.  1,  Moscow,  1959;  Aeso- 
nov,  A.D. ,  Tekhnologlya  temlcheskoy  obrabotkl  detaley  avtrmobllya, 
(Heat-Treatment  Technology  for  Motor-Vehicle  Components],  Moscow,  1958; 
Prokoshkln,  D. A.  ,  Al'tman,  A.B. ,  "Stal*,"  (Steel],  1941,  No.  1. 

Ya.M.  Potak 
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AVIAL  (aviation  aluminum)  —  a  deformable  aluminum  alloy;  type  de¬ 
signation  AV.  Composition:  Mg  0.45-0.9?^;  Si  0.5-1. 2^;  Cu  0.2-0. 6^;  Mn 
0.15-0.355^  (or  Cr  In  the  same  quantity);  Fe  no  more  than  0.5^;  Zn  no 
mere  than  0.1^.  The  alloy  exhibits  high  plasticity  and  satisfactory 
corrosion  resistance  and  is  used  extensively  In  fabrication  of  complex¬ 
shaped  components  of  medium  strength,  particularly  forgings  and  stamp¬ 
ings.  Helicopter  rotor  blades,  profiles  and  skin  panels  for  airframe 
structures,  forged  engine  components,  and  the  like  are  fabricated  from 
a''lal.  In  cases  where  the  corrosion-resistance  specifications  are  more 
rigorous,  the  copper  content  is  lowered  to  0.1^.  Moreover,  limiting  the 
copper  content  in  avial  changes  its  technological  properties  substan- 
tlally,  but  lowers  the  ultimate  strength  by  2  kg/mm  .  Avial  (with  cop¬ 
per)  is  used  as  a  forging  alloy  (the  old  type  designation  for  the  forg¬ 
ing  version  of  avial  iras  AK5  alloy). 

References :  Voronov,  S.M.,  Protsessy  uprochenlya  splavov  alyumlnly 
magnly-kremnly  1  Ikh  novyye  promyshlennyye  kompozltsli  [Work-Hardening 
Processes  of  Alumlnum-Magneslum-Sllicon  Alloys  and  Their  New  Industri¬ 
al  Compositions],  Moscow,  1946;  Edel'man,  N.M.  Alyumlnlyevyye  splavy  v 
grazhdanskom  stroltel 'stve  [Aluminum  Alloys  In  Civil  Engineering],  in 
book  entitled:  Stroltel 'nyye  konstruktsll  iz  alyumlnlyevykh  splavov 
[Aluminum  Alloy  Structures],  edited  by  S.V.  Taranovskogo,  Mowcow,  1962. 

I.N.  Frldlyander. 
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BABBITT  —  an  alloy  based  on  tin  or  lead  and  intended  for  bearing 
linings.  In  addition  to  tin  and  lead,  the  principal  components  of  bab¬ 
bit  are  antimony  and  copper.  Some  types  of  lead  alloys  contain  nickel, 
arsenic,  cadmium,  tellurium,  calcium,  sodium,  magnesium,  and  certain 
other  additives.  Babbit  Is  distinguished  by  a  low  melting  temperature, 
a  comparatively  low  hardness,  and  an  especially  heterogeneous  struc¬ 
ture,  which  gives  it  good  antifriction  properties.  Ready-made  alloy  In¬ 
gots  of  various  types  of  babbit  are  generally  employed  for  bearing  lin¬ 
ings.  Vfhen  pure  metals  are  used  the  highest-melting  are  taken  In  the 
form  of  ligatures.  The  lining  process  should  provide  tight  adhesion  be¬ 
tween  the  antifriction  alloy  and  the  steel  bearing  housing,  which  Is 
achieved  by  special  preparation  of  the  bearing  and  maintenance  of  the 
proper  lining  temperature.  After  lining  the  bearing  Js  bored  out  to  the 
requisite  size.  The  lining  layer  is  usually  0.5-4  mm  thick  (up  to  10-12 
mm  for  large  bearings).  A  layer  of  babbit  In  a  bearing  ensures  rapid 
running-ln  to  the  rotating  counterbody.  Running- In  Is  effected  by  plas¬ 
tic  deformation  of  the  surface  layers  of  the  soft  alloy  base,  which 
consists  of  lead  or  tin  and  the  metals  partially  dissolved  In  It;  dur¬ 
ing  this  process  the  hard,  brittle  crystals  of  antimony  and  other  com¬ 
pounds  present  at  the  friction  surface  are  easily  broken  down  and 
forced  into  the  plastic  base  under  overloads,  thus  reinforcing  It,  Run- 
nlng-ln  causes  the  babbit  friction  surface  to  acquire  a  shape  corres¬ 
ponding  to  that  of  the  rotating  counterbody  and  Imparts  to  It  the  ne¬ 
cessary  durability  as  a  result  of  a  certain  cold-working  and  a  redis¬ 
tribution  of  its  solid  structural  components.  Babbit  Is  named  after  the 
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American  inventor  of  the  first  alloy  of  this  type,  I.  Babbit 
babbit). 


References  z  See  article  entitled  Lead  babbit. 


O.Ye 


(see  Tin 


.  Kestner 
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BAKELITE  -  see  Cast  phenoplast. 


i 
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BAKEUZED  PAPER  TUBES  AMD  CYMM^ERS  —  laminated  products  from  Im¬ 
pregnated  or  varnished  paper  which  eu*e  used  In  electrical  devices. 
Products  with  an  inside  diameter  up  to  80  mm  are  called  tubes,  while 
products  up  to  3  ni  In  diameter  are  called  cylinders.  Varnished  paper  is 
cc'it'id  on  one  side  by  phenolformaldehyde  resin  (28-355^  of  the  paper,  by 
weight).  Products  from  this  paper  are  made  by  winding  It  Into  appropri¬ 
ate  mandrels  through  a  system  of  rolls  heated  to  l40-l60“;  the  resin 
melts  and  glues  together  the  Individual  layers.  Impregnated  paper  con¬ 
tains  up  to  55-605^  of  resin.  Products  from  It  are  usually  made  in  2 
stages.  First  the  blank  Is  cold-wound  and  then  It  Is  rolled  on  a  ma¬ 
chine  with  hot  rolls. 

After  winding,  the  tubes  and  cylinders  are  heat  treated  at  I30- 
140®  for  2-24  hours  and  more  In  ordinary  dryers  or  by  using  high-fre¬ 
quency  current.  The  heat-treated  products  are  removed  from  mandrels  on 
a  capstan.  Varnished  paper  products  are  additionally  coated  by  bakellte 
varnish.  When  making  capacitor  Insulators  aluminum  foil  Is  placed  be¬ 
tween  the  paper  layers. 

Bakellzed  paper  tubes  cylinders  from  varnished  paper  are  char¬ 
acterized  by  the  followln  Ir'icators;  specific  gravity  1.15,  ultimate 

p 

strength  (kg/cm  )  1  tic  flexure  8OO,  In  compression  along  the  lay¬ 
ers  400,  In  cleaving  20;  the  specific  electrical  resistivity  at  70°  af¬ 
ter  drying  for  4  hours  is  lO^^-lO^^  ohms,  electrical  strength  perpen¬ 
dicular  to  the  layers  10  kv/mm,  dielectric  permittivity  at  50  cps  after 
drying  at  70°  for  4  hours  Is  4.5-5,  tangent  of  dielectric  losses  angle 
at  50  cps  after  djrylng  at  70°  for  4  hours  Is  0.02-0.03.  Bedcellzed  paper 
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tubes  and  cylinders  can  be«  as  In  the  case  of  Oetlnaks,  machined  by 
various  means  (drilling,  milling,  grinding,  turning,  etc. ).  Bakellzed 
paper  tubes  and  cylinders  from  varnished  paper  (OCXST  8726-58)  are  used 
in  transformer  oil  at  temperatures  from  -40"  to  I05*  and  at  standard 
humidity.  Bakellzed  paper  tubes  and  cylinders  from  liiq;>regnated  paper 
have  better  electrical  Insulation  properties  than  those  from  varnished 
paper,  particularly  under  elevated  humidity  conditions j  they  are  used 
for  making  cores  of  Induction  colls  for  high-frequency  circuits. 

References:  Shugal,  Ya. L.  and  Baranovskiy,  V.V. ,  Slolstyye  plas- 
tlkl  [Laminated  Plastics],  Moscow -Leningrad,  1933;  Spravochnlk  elek- 
trotekhnlchesklm  materlalam  [Handbook  of  Electrical  Engineering  Materi¬ 
als],  Vol.  1,  Part  1,  pages  250-53,  Moscow -Leningrad,  1958* 

B.A.  Kiselev 
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r0CT«  GOST  e  Oosudarstvennyy  obshchesoyuznyy  standeu't  -  All- 
Union  State  Standard 
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BALLOON  MATERIALS  are  fabrics  with  polymer  films,  used  for  the 
fabrication  of  envelopes  of  stratosphere  ballonns,  free  and  tethered 
aerostats,  dirigibles,  pontoon  and  sports  boats,  diving  suits,  gas  bags 
and  other  gas  containers.  The  basic  requirements  of  the  balloon  mater* 
lals  are:  suitable  strength,  tensile  deformation  within  specfled  limits, 
ij&permeablllty  to  gas,  and  in  the  case  of  aieronautlcal  balloon  material 
minimal  weight  as  well.  The  structural  portion  of  the  balloon  material, 
supplsrlng  the  strength,  is  fabric  made  from  cotton,  silk.  Kapron  or 
other  fibers,  covered  with  a  film  which  Is  impermeable  to  gas.  Widest 
usage  has  been  made  of  rubber  films  made  from  natural  or  synthetic  rub¬ 
bers,  various  lacquer  and  other  synthetic  materials.  Some  products  con¬ 
sist  of  a  single  gastight  layer  which  fulfills  the  functions  of  the 
structural  portion  and  the  gas-retalnlng  layer,  for  example,  pilot  bal¬ 
loons  whose  enevelopes  are  made  from  rubber,  polyethylene  and  polyethy- 
leneterephthalate.  The  balloon  materials  are  divided  into  one-,  two-, 
three-,  and  many-layer  materials;  with  respect  to  nature  of  the  gas-re- 
stralnlng  layer  we  differentiate  rubberized,  lacquered,  and  so  on.  The 
two-layer  balloon  materials  are  divided  into  parallel-backed  and  diagon¬ 
al-backed  types.  Balloon  material  of  the  first  type  consists  of  two 
fabric  layers  t^ose  threads  have  the  saioe  direction  (parallel  layers). 

In  the  balloon  materials  of  the  second  type  the  diagonal  layer  consists 
of  strips  {  wedges)  of  fabric  cut  at  an  auigle  of  45*.  The  threads  (warp 
and  fill)  of  one  layer  are  also  placed  at  an  angle  of  43*  to  the  threads 
of  thv*}  neighboring  layer,  which  increases  the  tear  strength  of  the  fab¬ 
ric  by  several  times.  As  a  rule.  In  the  three-layer  material  two  fabric 
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layers  are  parallel  and  one  is  diagonal.  The  gastightness  of  the  bal¬ 
loon  materials  depends  basically  on  the  nature  of  the  film-forming  pol 
ymer  and  the  temperature  (see  Gas  Permeability). 

Reference:  Heytllnger  S.A. ,  Oazopronitsayemost '  vysokcanolekulyarn 
ykh  soyedinenly  (Gas  Permeability  of  High  Molecular  Ccsnpounds),  UKh, 
1951,  Vol.  20,  No.  2. 
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BARITE  (heavy  spar)  -  the  rhombic  or  rhomblc-dlpyramldal  mineral 
BaSO^^;  crystals  tabular  In  direction  (001)  predominate.  The  Moha  hard¬ 
ness  of  this  mineral  Is  3-5  and  Its  specific  gravity  Is  4.50.  Its  In¬ 
dices  of  refi?actlon  are:  n^  -  1.648,  n^j  «  1.637*  and  np  -  I.636.  It  Is 
distinguished  by  Its  high  chemical  stability.  Barite  Is  found  In  hydro- 
thezmial,  metasomatlc,  and  sedimentary  deposits,  as  well  as  In  zones  of 
erosion. 

The  clear,  colorless  crystals  of  barite  are  used  In  optical  in¬ 
struments.  In  order  to  pix)vlde  protection  against  x- radiation  barite  Is 
used  to  coat  the  walls  of  x-ray  rooms  and  Is  Incorporated  Into  rubber 
gloves,  etc. As  a  i*esult  of  Its  chemical  stability,  particularly  with 
respect  to  sulfuric  acid,  barite  Is  used  as  a  lining  and  Insulating  ma¬ 
terial  in  the  chemical  Industry.  Baryta  white  Is  resistant  to  chemicals 
and  light.  Barite  is  a  constituent  of  ilthopone  (a  white  pigment).  It 
Is  used  as  a  weighting  compound  in  clay  solutions  encountered  in  drill¬ 
ing  and  In  the  petroleum  Industry,  Increasing  the  specific  weight  of 
such  solutions  from  1.10-1.12  to  1.25-1.75  or  more.  When  Incorporated 
Into  glass  barite  Increases  Its  refractive  Index,  Improves  Its  luster, 
and  makes  It  more  transparent  to  ultraviolet  light.  This  mlneralls  used 
as  a  filler  In  the  production  of  photographic  papers. 

Inferences:  Dena,  Dzh.  et  al. ,  SlBte:::a  mlnerologli  (Systems  Mlner- 
ologla),  translated  from  English,  Vol.  2,  Part  i,  Moscow,  1953,  pages 
482-488;  Trebovanlya  promyshlennoatl  k  kachestvu  syr'ya  [Industrial 
Specifications  for  Raw  .Materials],  No.  11;  I^blmov,  A. L. ,  Barit  1  vl- 
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BASALT  —  an  effusive  volcanic  rock,  with  a  composition  character¬ 
ized  by  approximately  equal  quantities  of  basic  plagloclase  and  ferro- 
raagneslum  minerals,  principally  auglte.  Its  chemical  composition  is  as 
follows  {%)’.  SlOg  -  49.87,  AlgO^  -  15.96,  PeO  -  6.47,  Pe^O^  -  5-47, 

MgO  -  6.27,  CO  -  9.09,  NagO  -  3.16,  KgO  -  I.55,  -  0.46,  TlOg  - 

1.38,  and  MnO  -  0.32.  The  smalx-,  medium-,  and  large-grained  varieties 
of  basalt  are  called  dolerlte,  while  the  fine-grained  variety  Is  called 
anameslte.  Basalt  somewhat  altered  by  secondary  hydrothermal  and  other 
processes  Is  called  diabase,  or  dlabaslc  porphyrlte.  Basalts  with  an 
elevated  content  of  KgO  (4-lOJ^),  which  In  special  cases  Is  bonded  to  an 
alkali  (orthoclase)  or  unaaturated  silicate  (nephellne,  mellllte,  etc.), 
are  Included  among  the  alkaline  basaltolds.  In  engineering  the  basalts 
are  sometimes  referi:*ed  to  as  fully  crystalline  analogs  of  the  gabbro 
type.  Basalt  Is  used  Industrially  In  the  natural  state  and  after  re- 
meltlng  or  reciystalllzatlon. 

Basalt  has  a  specific  gravity  of  3  (2. 7-2. 3  for  remelted  basalt), 
a  porosity  of  0.5-l-55^»  and  a  water-absorption  of  0.2-0.4j^  by  weight 
and  0.5-1.15^  by  volume;  the  compressive  strength  of  dry  basalt  is  2640- 

3200  kg/cm^,  of  wet  basalt  2500  kg/cm^,  of  remelted  basalt  30OO-5OOO 

2  2 

kg/cm  ,  and  of  fine-grained  varieties  up  to  9150  kg/cm  .  Remelted  ba- 

O 

salt  has  a  wear  resistance  of  840  kg/nr.  .  The  short-term  fracture  re- 

slstance  of  remelted  basalt  Is  460-600  kg/cm**,  while  Its  short-term 

2  2 

bending  resistance  is  450-520  kg/cm  (1000  kg/cm  In  Isolated  cases). 

Q 

The  coefficient  of  volumetric  compression  for  basalt  Is  l8»10””  at  p  » 
28  2 

»  2000  kg/cra  and  15*10  at  p  «  10,000  kg/cm*^;  the  cori*ea ponding  fig- 
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ures  for  diabase  at  the  same  pressures  are  15 *10  and  12 •10”  .  The 

coefficient  of  thennal  expansion  of  basalt  is  6. 3 •10“'^  at  20-100°, 
9»10"’^  at  100-200°,  and  12«10“’^  at  200-300°.  The  coefficient  of  thermal 
expansion  of  remelted  basalt  varies  from  ll'lO”*^  to  l6»10"'^  over  the 
temperature  range  100-900°.  Basalt  well  withstands  sharp  temperature 
changes  in  the  range  25-600°.  The  heat  capacity  of  basalt  (joules/g)  is 
0.85  at  0°,  1.04  at  200°,  l.l4  at  400°,  1.32  at  800°,  and  1.49  at  1200° 
or  more.  The  average  heat  capacity  of  diabase  at  20-1320°  is  O.285.  The 
thermal  conductivity  of  basalt  is  5* 01-5 10 cal/cm.Bec*°C  over  t ne 
temperature  range  0-400°,  while  its  melting  temperature  varies  from 
1150°  to  1350°  (averaging  1250°),  depending  on  its  composition.  Its 
viscosity  over  the  temperature  range  1150-1400°  varies  from  37>900  to 
l40  poises.  The  magnetic  susceptibility  of  basalt,  k,  is  4.5  electro¬ 
magnetic  units  per  cm^.  Its  electric  strength  is  32  kv/cm,  while  that 
of  remelted  basalt  is  57  kv/cm.  Basalt  glass  has  an  electrical  conduc¬ 
tivity  of  4«10'‘^  and  a  dielectric  constant  of  12.  This  rock  is  resis¬ 
tant  to  the  majority  of  acids  and  bases,  including  HNO^,  HgSO^^,  NaOH, 
KOH,  and  aqua  regia.  The  loss  in  weight  over  a  2-hr  period  amounts  to 
0. 00-0. 0.  965^  for  exposure  to  boiling  reagent  and  0.00-0.067^  for  expo¬ 
sure  to  cold  reagent.  The  high  strength,  wear  resistance,  and  chemical 
stability  of  basalt  are  utilized  commercially.  Basalt  glass  has  good 
electrical-insulating  properties.  The  chemically  industry  uses  primari¬ 
ly  remelted  basalt  (linings  for  chemical  apparatus  and  large-size  corr- 
ponents  for  special  equipment).  The  electrochemical  industry  employs 
remelted  basalt  in  the  manufacture  of  insulating  bases  for  storage  bat¬ 
teries.  The  electronics  industry  uses  nrlnclpally  hyaline  or  vitreous 
varieties  of  remelted  basalt  (line  and  support  insulators  for  high-  and 
low-voltage  grids).  In  the  mining  industry  remelted  basalt  Is  used  for 

the  linings  of  pneumatic  tubes,  ball  mills,  etc.  In  powder  metallurgy 
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basalt  Is  used  for  pouring  casting  molds.  This  rock  Is  Incorporated  In¬ 
to  certain  types  of  ceramics  (as  a  substitute  for  clay).  In  the  paper 
Industry  basalt  fiber  obtained  by  remeltlng  Is  used  In  the  manufacture 
of  paper  and  cardboard. 

References .  Zavarltskly,  A.N.,  Izverzhennyye  gomyye  porody  [Vol¬ 
canic  Rocks],  Moscow,  1956;  Pellkan,  A.,  Plavlenyye  kamnl  [Remelted 
Rock],  translated  from  Czech,  Moscow,  1959;  Trebovanlya  promyshlennostl 
k  kachestvu  mineral 'nogo  syr'ya  [Industrial  Speclf5  tlons  for  Mineral 
Raw  Materials],  No.  58;  Tumanskly,  A.L. ,  and  Tukal'skly,  E.M. ,  Klslo- 
toupornyye  materlaly  [Acid-Resistant  Materials],  Moscow-Lenlngrad,  1948. 

V.V.  Nasedkln 


BAUSHINOER  EFFECT  -  a  decrease  In  resistance  to  plastic  deforma¬ 
tion  after  preliminary  plastic  deformation  of  opposite  sign;  for  exam¬ 
ple,  tensile  yield  strength  Is  reduced  by  prior  compressive  deforma¬ 
tion,  This  effect  Is  named  after  the  German  scientist  I.  Baushlnger. 

It  Is  little  affected  by  the  purity  of  the  material,  being  observed  In 
monocrystals  of  aluminum,  brass,  Iron,  and  zinc  and  In  polycrystals  of 
Iron,  various  steels,  aluminum  and  Its  alloys,  sodium  and  Its  alloys, 
lead,  and  nickel,  as  well  as  In  sodium  chloride  and  other  nonmetalllc 
compounds.  The  extent  of  the  Baushlnger  effect  (evaluated  from  the  de- 
creajse  In  the  elastic  limit  when  the  sign  of  the  load  Is  changed)  reach¬ 
es  15-30J^  in  low-temper  steels,  10-20^  In  aluminum  alloys,  and  40-50J^ 

In  hlgh-temper  steels  and  magnesium  alloys;  this  effect  is  very  small 
In  large-grained  Iron,  copper,  and  aluminum.  Repetition  of  the  load 
cycle  causes  adaptation  of  the  material  and  reduces  the  Influence  of 
subsequent  cycles  (see  Fatigue).  The  Baushlnger  effect  can  be  reduced 
by  low  tempering.  It  Is  caused  by  the  oriented  microstresses  which  de¬ 
velop  after  plastic  deformation  as  a  result  of  the  differing  properties 
of  the  internal  zones  (grains  and  mosaic  blocks)  and  boundary  regions 
(grain  and  mosaic-block  boundaries).  The  Baushlnger  effect  Is  of  great 
practical  Importemce  when  the  plastic  deformations  during  technological 
processing  and  under  operating  conditions  are  opposite  In  sign,  as  when 
tubes  and  bars  operate  under  compression  after  being  tension-straight¬ 
ened.  It  Is  necessary  to  take  Into  account  the  decrease  in  yield 
strength  and  elastic  limit  resulting  from  the  Baushlng  effect  and. 


where  possible,  to  eliminate  It.  This  phenomenon  has  a  material  Influ- 
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ence  on  fatigue  fracture.  The  great  danger  Involved  In  Symmetric 


stress  cycles  Is  due  to  the  Baushlnger  effect  (see  Imperfect  elasticity,  } 
Internal  friction).  ; 

i 

References ;  Vasil 'yev,  D.M. ,  0  prlrode  effekta  Baushlngera,  v  sb.  \ 
[Nature  or  the  Baushlnger  Effect,  In  collection]:  Nekotoryye  problemy 
prochnostl  tveixJogo  tela.  Sb.  ct.  posvyashchennyy  vos 'mldesyatlletlyu  ^ 
akad.  AN  USSR  N.N.  Davldenkov  [Certain  Problems  of  the  Strength  of  So¬ 
lids,  Collection  of  Articles  in  Honor  of  the  Eightieth  Birthday  of  N.N. 
Davldenkov,  Academician  of  the  Academy  of  Sciences  UkSSR],  Moscow-Len- 
Ingrad,  1959;  Ratner,  S.I.  and  Danilov,  Y.S."Z1,"  1950,  No.  4. 

i 

Ya.B.  Fridman 
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BEARING  BRONZE  —  bronze  Intended  for  the  manufacture  of  bearings 
and  othercomponents  which  must  function  under  sliding  friction.  Bronzes 
of  varying  composition  (lead,  tin,  antimony,  etc.)  are  used,  depending 
on  operating  conditions  (see  Bearing  materials.  Tin  bronze.  Lead  hronze, 
and  Antimony  bronze). 

O.Ye.  Kestner 
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BEARINQ  MATERIALS  -  materials  used  In  the  manufacture  of  sliding 
bearings  and  having  antifriction  characteristics.  They  can  be  classi¬ 
fied  as  metallic  or  nonmetallic.  Metallic  bearing  materials  include 
Babbitts,  alloys  based  on  copper  (bronzes), zinc,  and  aluminum,  and  cer¬ 
tain  types  of  cast  iron;  nonmetallic  materials  Include  certain  types  of 
plastic,  wood-based  materials,  graphite  materials,  and  rubbers.  A  num¬ 
ber  of  bearing  materials  combine  different  types  of  substances  (metals 
and  plastics,  graphite  materials  and  metals,  etc.). 

Tin-  or  lead-based  babbitts.  The  distinctive  features  of  all  bab¬ 
bitts  are  their  good  workability,  their  ability  to  "absorb”  solid  par¬ 
ticles,  and  the  fact  that  they  do  not  grab  when  paired  with  steel. 

Their  drawbacks  Include  low  mechanical  characteristics  at  temperatures 
of  100°  or  above,  low  thermal  conductivity,  and  a  comparatively  low  fa¬ 
tigue  strength.  Tin  babbitts  are  more  convenient  to  produce,  more  easi¬ 
ly  cast  on  steel,  less  subject  to  oxidation,  and  noncorrosible.  When 
fatigue -tested  by  cyclic  bending  under  equal  loads  tin  and  lead  bab¬ 
bitts  (of  the  same  hardness)  exhibit  the  same  number  of  cycles  to  frac¬ 
ture;  Lead  babbitts  have  an  advantage  when  fatigue -tested  by  cyclic 
bending  with  equal  degrees  of  deformation,  since  their  modulus  of  elas¬ 
ticity  is  substantially  lower.  Babbitts  are  used  in  bearings  in  the 
fonn  of  a  layer  cast  on  a  housing  of  bronze,  brass,  steel,  or  oast 
iron.  Strongest  adhesion  of  the  cast  babbitt  layer  to  the  housing  is 
obtained  with  a  special  casting  process,  which  includes  cleaning  and 
tinning  of  the  housing  surface.  Thin-walled  bearings  for  light-autooo- 
bile  engines  are  fabricated  by  stamping  from  bimetallic  strips  produced 
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by  continuous  casting  of  babbitt  on  a  standardized  moving  steel  strip. 
The  fatigue  strength  of  the  babbitt  layer  Increases  as  Its  thickness 
decreases;  In  the  bearings  of  some  modern  automobile  engines  this  layer 
Is  0.1  mn  or  less  thick. 

When  the  surface  of  the  bushing  Is  properly  prepared  and  the  fac¬ 
ing  layer  Is  correctly  cast  the  babbitt  and  the  housing  metal  (bronze, 
steel,  cast  Iron)  are  strongly  bonded  over  their  entire  contact  sur¬ 
face,  which  makes  It  possible  to  reduce  the  thickness  of  the  babbitt 
layer  considerably.  Mechanical  fastening  of  the  babbitt  to  the  bushing 
(by  providing  the  bushing  with  grooves  and  holes  that  are  filled  by  the 
babbitt  during  casting)  Is  suitable  only  for  lightly  loaded  bearings. 

Another  bearing  material  consists  of  a  grooved  steel  strip  to 
which  a  porous  layer  of  metal  containing  605^  Cu  and  N1  Is  applied 
by  powder  metallurgy.  The  pores  In  this  layer  are  filled  with  soft  bab¬ 
bitt  (e.g. ,  one  containing  3%  Sn,  Sb,  and  the  remainder  lead).  The 
third,  "working"  layer  thus  formed  on  the  copper-nickel  layer  has  a 
thickness  of  the  order  of  0.05  mm.  This  material  is  employed  in  the 
mass  production  of  automobile -engine  bearings  and  exhibits  good  worka¬ 
bility  and  a  substantially  higher  fatigue  strength  than  ordinary  bab¬ 
bitts. 

Copper-based  bearing  materials.  These  alloys  Include  Tin  bronzes. 
Lead  bronzes,  tin-lead  bronzes,  and  certain  others.  Tin  bronzes  are 
used  for  bearings  Intended  to  operate  under  high  specific  loads  at  low 
sliding  speeds,  while  tin-lead  bronzes  of  types  0S8-12  and  OS6-l6  are 
employed  for  medium  loads  and  speeds.  Lead  bronzes  (255^  or  more  Pb)  are 
used  for  extremely  heavily  loaded  bearings,  being  cast  In  a  layer  on 
steel  (by  casting  of  Individual  bearings,  casting  of  bronze  on  a  moving 
steel  strip,  or  production  of  a  bronze  layer  on  a  steel  strip  from  pow¬ 
dered  copper  and  lead  by  powder  metallurgy,  subsequently  fabricating 
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bearings  from  the  bimetallic  strip  by  stamping).  Lead  bronzes  are  less 
vrorkBble  and  less  capable  of  "absorbing"  solid  particles  than  bab¬ 
bitts,  but  have  a  higher  permissible  working  temperature  and  fatigue 
strength.  In  order  to  raise  the  fatigue  strength  of  lead  babbitt  a  to¬ 
tal  of  1-2^  tin  Is  added.  Of  the  lead -free  bronzes  Antimony  bronze  has 
the  highest  antifriction  characteristics,  which  approximate  those  of 
tin  bronzes.  Rolled  bronzes  with  a  low  lead  content  (e.g. ,  BrOTsS  4-3- 
4)  and  copper-zinc  alloys  (tombac,  brass  containing  69$^  Cu  and  4^  Pb) 
are  also  employed  for  bearings  Intended  to  operate  at  low  speeds  and 
loads. 

Zinc-based  bearing  materials  are  used  as  replacements  for  tin-lead 
bronzes  in  bearings.  Type  TsAM9-l»5  alloy  Is  used  commercially  as  a 
substitute  for  bronze  In  the  shaft  and  Journal  bearings  of  locomotives. 
For  heavily  loaded  bearings  TsAM9-1.5  Is  cast  on  a  steel  base,  whose 
surface  Is  preliminarily  zinc -plated.  Although  the  hardness  of  zinc  al¬ 
loys  at  room  temperature  Is  higher  than  that  pf  the  bronzes  which  they 
replace,  this  difference  decreases  as  the  temperature  rises,  since  the 
hazxlness  of  zinc  alloys  drops  more  rapidly.  Zinc  alloys  can  also  be 
used  in  the  plastically  deformed  state.  In  which  case  they  have  higher 
mechanical  characteristics. 

Aluminum-based  bearing  materials  have  come  into  wide  use  In  con¬ 
nection  with  the  development  of  aluminum  alloys  that  approximate  the 
characteristics  of  babbitts  and  of  methods  for  plating  steel  with  them. 
Table  1  shows  the  composition  of  the  best-known  aluminum-based  bearing 
materials.  They  can  be  subdivided  Into  pliable  alloys,  which  are  used 
for  facing  the  working  surfaces  of  steel  bearing  housings,  and  alloys 
for  the  production  of  monometallic  bearings  or  bushings  consisting  of 
only  one  material.  Alloys  of  the  first  type,  which  are  employed  In  au- 
tomcAlles  (Moran,  Qlasler)  and  tractors  (ASM,  XB-dO),  are  applied  to 
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TABLE  1 

Bearing  Katerlals  Based  on  Aluminum  Alloys 
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1}  Alloy;  2)  average  content  of  basic  components  other  than  aluminum 

p 

{%)i  3)  other  elements;  4)  harUi»ess,  HL  (kg/mm  );  5)  country  of  primary 
use;  6)  ASM;  7)  Moran;  8)  Alcoa  XA  750;  9)  Alcoa  XB-80  S;  10)  Glasier; 
11)  KS  927;  12)  USSR;  13)  USA;  14)  the  same;  15)  England;  l6)  Federal 
Republic  of  Germany. 

steel  by  rolling  bundles  containing  both  metals.  Bearings  are  fabricat¬ 
ed  from  the  resultant  bimetallic  strips  by  stamping;  bearings  and  bush¬ 
ings  are  produced  from  KhA750  alloy  by  casting.  Individual  casting  of 
bearings  or  bushings  on  steel  housings  is  also  employed  (e.g. ,  with 
KS927  alloy),  this  process  being  referred  to  as  "alflnlng. " 

Pliable  aluminum-based  bearing  materials  have  a  higher  fatigue 
strength  and  thermal  conductivity,  better  high -temperature  mechanical 
characteristics,  and  a  lower  specific  gravity  than  babbitts.  Their 
drawbacks  include  complexity  of  production,  a  lower  capacity  for  run- 
nlng-ln,  less  ability  to  "absorb"  solid  particles,  and  the  need  to  use 
a  very  hard  shaft  with  a  very  smooth  surface.  A  better  capacity  for 
runnlng-ln  Is  obtained  by  galvanizing  the  surface  of  the  aluminum  alloy 
with  a  thin  layer  (of  the  order  of  25  u)  of  a  lead-tin  alloy  (up  to 
tin  Is  added  to  the  lead  In  order  to  make  the  plating  corrosion -resist¬ 
ant).  Glasier  alloy  has  extremely  high  auitlfrlctlon  characteristics  and 
a  definite  structure  (Individual  tin  Inclusions)  obtained  by  special 
annealing  after  plastic  deformation;  this  alloy  Is  used  without  a  lead- 
alloy  surface  coating.  In  the  USA  XA750  alloy  Is  employed  In  the  manu- 
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facture  of  bearings  and  bushings,  replacing  tin  and  tin -lead  bronzes. 

In  Installing  monotnetalllc  aliunlnuin-alloy  bearings  in  steel  or  cast- 
iron  housings  it  is  necessary  to  keep  in  mind  the  difference  in  their 
coefficients  of  linear  expansion,  which  may  cause  development  of  severe 
stresses  and  plastic  deformation  of  the  aluminum  alloy  during  opera¬ 
tional  heating.  After  the  bearing  has  cooled  the  shaft  clearance  may  be 
reduced,  causing  grabbing.  This  phenonenon  must  also  be  taken  into  ac¬ 
count  In  selecting  the  layer -thickness  ratio  for  bimetallic  bearings 
utilizing  aluminum  alloys, 

CeiTiiet  (self-lubrlcatlng)  bearing  materials  are  produced  in  the 
form  of  porous  bushings  by  sintering  blanks  preliminarily  pressed  (In 
press-forms)  from  suitably  treated  powdered  metals,  usually  with  a 
small  amount  of  graphite  added.  The  degree  of  porosity  is  generally 
about  25J^.  The  finished  bushings  are  grooved  under  pressure  (the  work¬ 
ing  surface  should  not  be  cut)  and  impregnated  with  oil  In  a  vacuum. 
These  materials  are  used  principally  for  small  bearings  Intended  to  op¬ 
erate  under  light  loads  without  lubrication.  Their  service  life  Is  lim¬ 
ited  by  the  lubricant  reserve  in  the  layers  adjoining  the  friction  sur¬ 
face.  Iron-graphite  bearings  can  withstand  greater  loads  than  bronze- 
graphite  bearings  at  lower  sliding  speeds;  their  chief  drawback  Is 
their  high  susceptibility  to  corrosion. 

Cast  iron  for  bearings  intended  to  operate  under  light  loads  at 
low  speeds  should,  in  the  cast  state  (gray  iron),  have  a  microstructure 
that  insures  the  requisite  antifriction  characteristics  (medium-  or 
coarse  lamellar  perlite,  no  free  ferrite  or  free  cement Ite,  graphite  of 
medium  grain  size,  and  a  phosphide  eutectic  in  the  form  of  Isolated  in¬ 
clusions).  The  Brinell  hardness  of  such  cast  iron  ranges  up  to  240 

O 

kg/nin'".  Cast  iron  containing  globular  graphite  can  be  used  if  It  is 
given  3  perlltlc  structure  by  heat  treatment,  but  It  has  lower  anti- 
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friction  characteristics. 


Plastic abased  bearing  materials  are  classified  by  type  of  resin, 
filler,  physical  characteristics,  production  technology,  use  of  compo¬ 
nents  In  structures,  and  operating  conditions.  Plastics  based  on  ther- 


TABLE  2 

Physlcoinechanlcal  Characteristics  of  Thermoplastic 
Plastics  for  Bearings 


1 

2 

1  i 

.  4  ■ 

1  IlfiLtMTC 

„  .  i  f. 

i.miOcTM  1 

fpi-pTMJ. 

1  j 

|»M4.i  j  .  .. 

I.V  j  '  > 

7 

riiP14|urrii  iiM 

7  S 

*. .  • 

J  % 

_ 

<  t  '<  )  I 

TrM.KMIlrtilMMMOrtrt  ' 

1  ... ...- 

:  lu  ‘ 

1  .  |.. 

1“ 

1  .  1  "  ’  1  •» 

10 

(mu  rjl  .«1|  •(.)  '• 

bri*iHiiO  fr«iiir|Mr  jr|>Hi4ll  >(;>•  or.i  u|>m 

i 

! 

IMHeMRlI  M4Trf»IU.W  I 


1)  Characteristic;  2)  capron;  3)  nylon:  41  polytetrafluorethylene;  5) 
DV;  6)  DQ;  7)  Brlnell  hardness  (kg/mm^);  8)  coefficient  of  thermal  ex¬ 
pansion  (1/°C);  9)  coefficient  of  thermal  conductivity  (cal/cm* sec* °C) ; 
10)  maximum  permissible  working  temperature  {*^0). 


TABLE  3 

Physlcoinechanlcal  Charac¬ 
teristics  of  Thermoreactlve 
Plastics  for  Bearings 


I  < 

T  UlT 


{  ■.•  W  W  I  I  J  -  t  *  J  •  -  »  t 

Ma'  u  I  * 


lur* 

•  T  -»I 


l)  Characteristic;  2) 
hirdness  (kg/mro-^);  6) 
hr  (i). 


lignoston;  3)  llgncfol';  4)  textollte;  sO  Brlnell 
distension  (volumetric)  In  water  at  Ip"^  ever  2^ 


moreactlve  phenol -formaldehyde  resins  with  fillers  of  cli.th  (lextc- 
llte),  plywood  (llgncfol'),  cr  sawdust  arc  used  In  bearings  copiously 
wetted  with  water  and  operated  at  lew  speeds.  Textollte  Is  erplcyed  as 
a  substitute  for  bronc^  In  roll Ing-stand  bearings.  Thermcplast Ic  plas¬ 
tics,  such  as  pciyamldos  (nylon,  capren)  and  pelytet raf iucrethy ..one 
( flucrcplast -u ) ,  are  also  used  for  bearings.  Ftlyamlde  bus.hlngc  and 
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bearings  are  produced  by  pressure  ca  ting  or  machining  of  cast  blanks, 
as  well  as  in  the  form  of  thin  coatings  (e.g.,  0.1  mm  thick)  on  metal¬ 
lic  bases.  They  are  intended  to  operate  with  oil  or  water  lubrication. 
Fluoroplast-4  has  a  lower  coefficient  of  friction  than  other  plastics 
at  low  sliding  speeds  without  lubrication,  retaining  this  property  at 
temperatures  of  from  -200  to  +260°.  Bearing  materials  of  the  following 
types  utilize  fluoroplast-4  (teflon):  1)  bars  and  tubes  are  produced  by 
pressing  and  sintering  a  mixture  of  teflon  and  a  powdered  bronze,  lead, 
or  graphite  filler.  Bushings  are  then  machined  frcan  the  resultant 
blanks.  Ihls  material  (designated  as  DQ  in  England)  has  a  high  coeffi¬ 
cient  of  linear  expansion  and  low  mechanical  strength;  2)  a  layer  of 
tin-bronze  beads  containing  11^  Sn  is  applied  to  a  steel  strip  (the 
bead  diameter  is  0.1  mm  and  the  layer  thickness  is  0.3  mm)  and  fixed  by 
sintering.  The  pores  between  the  beads  (approximately  30$^  of  their  vol¬ 
ume)  are  filled  with  a  mixture  of  teflon  and  approximately  20^  by  vol¬ 
ume  dispersed  lead,  a  working  layer  of  plastic  about  25  u  thick  being 
left  on  the  surface.  Threaded  bushings  (which  are  pressed  Into  the 
bearing  housings)  are  stamped  from  these  strips  (designated  as  DV  in 
England). 

Wood -based  bearing  materials.  Natural  wood,  pressed  wood,  and  llg- 
nofol '  are  used  in  the  manufacture  of  bearings.  The  natural  woods  used 
include  lignum  vitae  (with  a  specific  gravity  cf  1.3  g/cm^  and  a  resin 
content  of  approximately  305t).  Pressed  wood  (lignoston)  is  produced  by 
special  processing  (of  birch  in  the  USSR)  consisting  of  Impregnation 
with  glucose  (or  other  substances  that  reduce  water  absorption),  hot 
pressing,  and  heat  treatment.  Lignofol '  (a  laminated  wood  plastic)  con¬ 
sists  of  a  number  of  layers  of  bliv:h  veneer  (of  the  order  of  1  mm 
thick)  arranged  in  such  fashion  that  the  fiber  directions  cf  adjacent 
layers  are  at  rlgnt  angles;  these  layers  are  impregnated  with  a  phenol- 
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formaldehyde  resin  and  pressed  under  conditions  that  cause  polyconden¬ 
sation  of  the  resin.  The  principal  drawback  of  pressed  wood  is  its  sub¬ 
stantial  water  absorption.  Wood-based  bearing  materials  are  employed  in 
the  bearings  of  rolling  stands,  water  turbines,  and  marine  propellers, 
with  copious  water  lubrication.  Bearings  of  llgnoston  and  llgnofol ' 
generally  take  the  form  of  a  steel  casing  within  which  plates  of  the 
wood  material  are  fastened,  with  their  butts  toward  the  shaft  surface. 
Llgnofol'  Is  used  as  a  substitute  for  more  expensive  textolite  in  roll¬ 
ing-stand  bearings.  Llgnofol'  bearings  have  a  higher  permissible  load 
and  working  temperature  than  llgnoston  bearings.  Tables  2  and  3  show 
certain  of  the  physlcomechanical  characteristics  of  plastic  bearing  ma¬ 
terials. 

Graphite -coal  bearing  material  3  are  produced  by  pressing  and  heat- 
treating  a  mixtu-'e  of  petroleum  coke  and  a  coal-tar  resin,  a  small 
amount  of  natural  graphite  being  added.  These  materials  are  employed 
for  bearings  Intended  to  operate  at  temperatures  of  up  to  480°  under 
light  loads  in  air.  The  porosity  of  graphite-coal  materials  makes  it 
possible  to  impregnate  them  with  metals  or  resins  to  give  them  special 
properties.  Metal -graphite -coal  materials  can  withstand  specific  loads 
of  up  to  25  kg/cm  when  operating  in  air  and  up  to  40  kg/cm  when  lu¬ 
bricated;  their  maximum  working  temperature  depends  on  the  characteris¬ 
tics  of  the  Impregnating  material. 

Rubber  is  used  as  a  bearing  material  with  water  lubrication  under 
light  loads  and  at  low  speeds.  It  is  fastened  to  the  working  side  of  a 
metal  bearing  or  bushing  in  the  form  of  a  layer  with  a  row  of  longlcu- 
dlnal  grooves  to  supply  water  to  the  friction  surface.  The  bearing 
working  temperature  is  50-70^. 

Other  bearing  materials.  Cadmium-based  alloys  are  sometimes  used 
for  sliding  bearings,  having  a  maximum  permissible  load  intermediate 
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between  that  for  tin  babbitts  and  that  for  lead  brcaize;  these  alloys 
are  used  for  automobile -engine  bearings  in  the  UGA,  Silver  is  employed 
for  the  extremely  heavily  loaded  bearings  of  certain  types  of  aircraft 
piston  engines.  Production  of  bearing  materials  with  a  wide  range  of 
characteristics  will  be  associated  with  broader  utilization  of  powder- 
metallurgical  methods  and  the  development  of  metallization  technology. 

References:  Trenlye  1  iznos  v  mashlnakh  [Friction  and  Wear  in  Ma¬ 
chines],  Collection  6,  Moscow -Leningrad,  1950;  Spravochnlk  po  mashlno- 
stroltel'nym  materlalam  [Handbook  of  Machine-Building  Materials],  Vols. 
1-4,  Moscow,  1959-60;  Khrushchov,  M.M, ,  Gol'd,  B.V. ,  Maurakh,  A.A. , 
Materialy  detaley  avtomobiley  i  traktorov  [Materials  for  Automobile  and 
Tractor  Components],  4th  Edition,  Moscow,  1948;  A1 'shits,  I.Ya.,  Verzh¬ 
bitskiy,  N.F. ,  Zomraer,  E.F. ,  Opory  skol 'zheniya  [Sliding  Bearings ] , 
Klyev-Moscow,  1958;  Shpagln,  A.I.,  Antlfrlktslcnnyye  splavy  [Antifric¬ 
tion  Alloys],  Moscow,  1956;  Ivanov-Skobllkov,  N.N.,  Antlfrlktslcnnyye 
materialy  dlya  podshlpnlkov  skol 'zheniya  [Antifriction  Materials  for 
Sliding  Bearings],  Moscow,  1956;  Petrlchenko,  V.K.,  Antlfrlktslcnnyye 
materialy  1  podshlpnlkl  skol 'zheniya  [Antifriction  Materials  and  Slid¬ 
ing  Bearings],  Moscow,  1954;  Sleeve  Bearing  Materials,  Cleveland,  1949 
(ASM);  Werkstoffe  fuer  Gleitlager  [Friction-Bearing  Materials], 
edited  by  V.R.  Kuehnel,  2nd  Edition,  Berlin,  1952;  Cazaud,  R. ,  Le 
Frottement  et  I'Usure  des  Metaux,  les  Anti-Frictions  [Friction  and  Wear 
of  Metals;  Antifriction  Beajrlngs],  Paris,  1955» 


M.M.  Khrushchov 
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BEINITE  a  structure  fomed  by  the  intermediate  conversion  prod¬ 
ucts  of  austenite.  See  Steel. 
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BELTING  -  a  strong,  linen-woven  technical  fabric  used  in  the  manu¬ 
facture  of  rubberized  conveyor  and  elevator  belts,  flat  drive  belts, 
and  subway  straps  (GOST  2924-45;  TU  MLP  714-50).  Belting  is  produced 
from  tightly  twisted  cotton  thread;  the  stronger  types  are  produced 
from  long-fibered  cotton  with  a  fiber  length  of  33-35  mm  and  the  strong¬ 
est  types  from  synthetic  fibers.  Belting  produced  from  medlum-f Ibered 
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l)  Belting;  2)  thickness  (mm);  3)  tensile  strength  (kg)  of  50  x  200  mm 
strips;  4)  warp;  5)  woof;  6)  weight  of  1  m2  of  fabric  (g);  j)  OPB. 

cotton  is  used  as  a  filter  material.  This  fabric  is  classified  as  loose- 
or  close-woven,  depending  on  its  tightness.  The  Table  shows  its  physi¬ 
cal  and  mechanical  properties. 

Cotton  belting  is  manufactured  from  No.  12  thread;  threads  consist¬ 
ing  of  from  4  to  7  filaments  are  used  for  the  warp  and  woof.  Close-wo¬ 
ven  belting  (OPB-6,  OPB-6,  and  OPB-12)  is  produced  from  thln-flbered 
cotton  thread  No.  35,  using  30  filaments  for  the  warp  and  from  24  to  30 
filaments  for  the  woof.  The  elongation  under  tension  is  no  more  than 
32^  along  the  warp  and  12-l4j^  along  the  woof.  Belting  is  produced  in 
various  widths,  ranging  from  750-1450  mm  for  the  ordinary  fabric  to 
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1100-2100  mm  for  the  extra-strong  fabric.  Linen-woven  cotton  cord-woof 
fabric  Is  used  for  the  flat  rubberized  belts  of  railway  generators; 
this  material  Is  produced  with  a  warp  of  stretched,  heat-fixed  double- 
twisted  37/27/3  cord  and  a  woof  of  No.  37  thread  with  23  filaments.  The 
strength  of  a  50  x  200  mm  strip  of  this  fabric  Is  no  less  than  660  kg 
along  the  warp  and  250  kg  along  the  woof;  Its  elongation  under  tension 
Is  305^  along  the  warp  and  no  more  than  20J^  along  the  woof.  This  mater¬ 
ial  has  a  thickness  of  no  more  than  2.8  mm  and  weighs  I600  +  80  g  per 
2 

m  .  It  Is  manufactured  In  widths  of  78  and  96  cm. 

S.Ye.  Strusevlch 
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BENDING  ANGLE  -  plasticity  characteristic  of  metallic  materials 
(strips,  sheets,  wire,  bar  stock,  pipes,  shapes)  which  is  determined  by 
performing  Industrial  tests;  bending,  folding,  flemglng,  double  roofing 
Joint.  The  bending  angle  is  specified  for  each  kind  of  tests  In  appli¬ 
cable  GOSTs  or  TU  for  the  material.  A  sign  showing  that  the  material 
has  withstood  the  specified  bending  angle  Is  the  absence  of  cracks, 
tears  and  cleavages  In  the  material. 

References:  Shaposhnlkov,  N. A. ,  Mekhanlcheskiye  Ispytanlya  metal- 
lov  [Mechanical  Testing  of  Metals],  2nd  edition,  Moscow -Leningrad, 

Yu.S.  Danilov 

[Transliterated  Symbols] 

roCT  =  GOST  s=  Gosudarstvennyy  obshchesoyuznyy  standard  ■  All- 
Union  State  Standard 

Ty  =  TU  =  tekhnlchesklye  uslovlva  *  technical  specifications 
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BENDING  TEST  —  is  a  statical  checking  of  materials  at  which  the 
specimen  is  set  up  two  supports  and  loaded  with  one  (a)  or  two  (b)  con¬ 
centrated  forces  as  it  is  shown  in  the  Fig.  The  bending  test  is  used 
to  determine  the  strength  and  the  plastic  properties  of  materials,  and 
also  as  a  technological  checking  of  the  plasticity  of  the  material,  its 
ability  to  be  pressed,  the  quality  of  welding  Joints,  etc.  (OST  I683, 

OST  l684,  OST  1685)*  If*  the  tests  are  carried  out  with  machines  provided 
with  recording  devices  (IMCh-30,  IM-4A,  for  example,  designed  by  the 
TsNIIlMASh,  and  others),  the  bending  curve  is  obtained  in  the  coordin¬ 
ates  "bending  of  the  specimen  v. s.  force"  which  permits  one  to  deter¬ 
mine  the  conditioned  yeild  strength  Oq  2  bending  strength  0^ 

using  the  formulas  which  are  valid  for  the  calculation  of  stresses  in 
the  range  of  elastic  deformations.  The  maximum  bending  deflection  or 
the  bending  angle  of  the  specimen  before  cracking  occurs  is  taken  as  a 
characteristic  of  the  plasticity  (a  crack  may  not  occur  even  at  a 
bending  angle  near  to  l80°  when  high-plastic  materials  are  tested).  The 
bending  test  is  particularly  used  frequently  for  brittle  materials  (for 
casts  from  gray  iron  and  wrought  i.on,  for  example,  GOST  2055-43 )»  be¬ 
cause  it  secures  a  good  reproducibility  of  the  results  in  contrast  to 
other  testing  methods,  especially  the  monoaxial  tensile  test,  which 
gives  a  wide  scattering  of  the  results  owing  to  the  high  sensibility  of 
brittle  materials  to  the  skewing  of  the  specimens  in  the  machine 
clamps.  The  toughness  of  a  metal  and  its  sensibility  to  sharp  cracks 
may  be  Judged  based  on  the  character  of  the  final  section  of  the  bend¬ 
ing  curve  of  notched  specimens. 
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Pig.  Typical  schemes  of  the  loading  of  specimens  In  the  bending  test 
and  the  corresponding  lines  of  the  bending  moment  (M);  a)  Transversal 
bending  of  the  specimen;  bj  pure  (circular)  bending  within  the  section 
mn  of  the  length  of  t.ie  .recimen. 


References:  Shaposhnlkov  N.A. ,  Mekhanicheskiye  Ispytanlya  metallov 
[Mechanical  Tests  of  Metals],  2nd  edition,  Moscow- Leningrad,  1954; 
Drozdovskly  B.A. ,  Fridman  Ya.  B. ,  Vliyanlye  treshchin  na  mekhanicheskiye 
svoystvu  konstruktsionnykh  staley  [Effect  of  Cracks  on  the  Mechanical 
Properties  of  Strcutural  Steels],  Moscow,  i960. 

I.  V.  Kudryavtsev,  D.M.  Shur 
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BENDING  TEST  —  determination  of  the  ability  of  a  metal  to  with¬ 
stand  bending  when  cold  or  hot.  Bending  tests  are  standardized  and  are 
employed  for  sheets,  various  rectangular  and  round  blanks  (OST  1683), 
and  tubes  (GOST  3728-47),  as  well  as  to  determine  the  quality  of  welded 
Joints  (OST  1685),  nonquenchablllty  (OST  1684),  and  hot-shortness  (OST 

1683). 

A 

Fig.  2  Fig.  3  Fig.  4 

The  size  and  the  shape  of  the  specimen  are  defined  by  the  GOST 

and  technical  specifications  In  accordance  with  the  type  of  material 

4 

and  Its  purpose.  However,  it  Is  necessary  in  all  cases  to  retain  the 
surface  layer  of  the  metal  and  the  specimen  thickness  is  consequently 
taken  as  the  thickness  of  the  material  a,  its  width  is  taken  as  twice 
the  thickness  of  the  material  2a  (see  Fig.  3)  but  no  less  than  10  mm, 
and  Its  length  Is  taken  as  ha  *■  ISO  mm,  usually  being  oriented  perpen¬ 
dicular  to  the  rolling  direction.  The  specimens  are  cut  cold  and  sharp 
fins  are  removed.  The  central  portion  of  the  specimen  should  te  free 
of  markings,  glue,  notches,  anu  hammer  marks. 

Bending  tests  are  conducted  on  .machines  which  permit  compressive 
loading  ana  have  devices  for  bending  the  speci.men  (cross  pieces  with 
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roller  supports  and  a  mandrel).  The  roller  supports  should  prevent  warp¬ 
ing  of  the  specimen.  The  radius  of  curvature  of  the  mandrel  around 
which  the  specimen  is  bent  is  usually  a  multiple  of  the  thickness  of 
the  test  material,  ranging  from  1  to  ^  times  this  thickness.  The  width 
of  the  mandrel  should  be  greater  than  that  of  the  specimen. 

We  can  distinguish  three  types  of  bending  tests:  1)  bending  to 
fracture  or  cracking  and  determination  of  the  bending  angle  (Pig.  1); 

2)  bending  around  the  mandrel  until  the  sides  of  the  specimen  are  par¬ 
allel  (Fig.  2);  3)  complete  bending,  i.e. ,  until  the  sides  of  the  spe¬ 
cimen  touch  (Fig.  3)* 

A  bending  test  consists  in  smooth  loading  of  the  specimen  under 
an  increasing  load  until  the  type  of  bend  stipulated  in  the  standards 
for  technical  specifications  is  obtained. 

Tubes  no  more  than  ll4  mm  in  diameter  are  subjected  to  bending 
tests  consisting  in  smooth  bending  of  the  specimen  (Fig.  4)  by  any 
method  that  permits  the  outside  diameter  of  the  tube  to  remain  at  no 
less  than  855^  of  its  initial  value  over  the  entire  length  of  the  speci¬ 
men.  The  bending  angle  is  usually  taken  as  90®,  while  the  other  angles 
are  stipulated  in  the  technical  specifications. 

Specimens  which  survive  bending  tests  should  not  show  separation, 
tearing,  fracture,  or  cracking  (see  TeciJiological  testing). 

Yu.S  Danilov 
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BENDING  TEST  INVOLVING  ALTERNATE  BENDING  (alternate-bending  test) 

—  determination  of  the  ability  of  metal  wire,  strips,  and  sheets  to  un¬ 
dergo  cold  plastic  deformation  by  bending.  The  alternate-bending  test 
consists  in  bending  a  specimen  held  vertically  in  a  special  device  al¬ 
ternately  90*  to  the  left  and  right  until  it  fractures  or  until  the  num 
ber  of  cycles  set  by  standard  requirements  for  technical  specifications 
is  reached. 

One  cycle  is  assumed  to  be  bending  through  9G*  and  rebendln^; 
through  90*  (l.e.,  returning  the  specimen  to  its  initial  position).  The 
cycle  during  which  fracture  occurs  is  not  counted.  The  number  of  cy¬ 
cles  per  minute  should  not  exceed  6C.  Alternate-bending  tests  a.e  stand 
ardlzed  for  wire  with  diameters  of  from  C.  6  to  7-  0  .mm  (GOST  1579-63) 
and  for  o  3  and  sheets  with  thicknesses  of  up  to  5  m.m  (OST  i63£).  In 
testing  sheets  up  to  0.5  num  thick  and  wire  up  to  I.5  num  in  diameter  it 
is  permissible  to  use  a  tensioning  attach.ment,  whlcJ;  ensures  tt:at  the 
specimen  is  pressed  tightly  against  the  bushings  (rollers)  cf  the  de¬ 
vice. 


Specimens  which,  su.'-vlve  bendln»’  teste  shcind  net  exhibit  separa¬ 
tion,  exfoliation,  tearing,  crac.king,  or  fracture  c:’  th.e  base  .material 
or  surface  coatings  (see  Tech.nclcgical  testir  g). 


References  :  Shapcsf-ni.'.cv ,  Ji.A.,  Mekr  anlchesklye  Ispytanlya  cietal- 
lov  [Mechanical  Testing  cf  Metals  .  Znd  Edltlcn,  Mcsccw-Lenlngrad ,  1 
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BENDING  TEST  OF  DISCS  RESTING  ON  THE  CIRCUMFERENCE  -  is  one  of  the 
methods  to  evaluate  the  disruption  strength  (Fig.  1).  It  is  applicable 
only  to  the  destruction  of  discs  along  radial  directions  which  in  the 
case  of  structural  steels  is  usually  attained  by  testing  in  liquid 
nitrogen  medium  (Fig.  2).  Generally,  the  thidcness  of  the  disc  is  equal 
to  5-6  mm.  A  stressed  state  near  to  a  biaxial  stress  is  established  in 
the  disc  during  the  test,  and,  therefore,  more  favorable  conditions  for 
th-  of  the  brittleness  are  given.  Such  tests  of  discs  are 

especially  recommended  for  a  comparative  evaluation  of  materials  used 
for  spherical  and  cylindrical  shells  operating  under  internal  pressure. 
The  calculation  of  the  breaKing  stresses  in  the  case  of  absent  plastic 
bending  is  carried  out  using  the  formula 

4(1 

where  P  is  the  breaKing  load,  h  is  the  thlcKness  of  the  disc,  p  is  the 
Poisson's  ratio,  a  is  the  radius  of  the  support  of  the  disc,  emd  b  is 
the  radius  of  the  contact  area  of  the  punch. 


Fig.  1.  Scheme  of  the  bending  test  of  discs  resting  on  the  circumference. 


Pig.  2.  Discs  from  S^KhGSA  oteol  after  brittle  destruction  in  liquid 
nitrogen. 

References:  Fridman  Ya.  B. ,  Rojtmar.  I.  M.  ,  "Zavodskaya  laborator- 
iya, "  19^6,  No.  10. 


S.  I.  Kishkina-Ratner 
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BERYX  -  a  mineral  of  the  silicate  class,  the  beryllium  silicate 
Be2Al2[Sig0^j^] ,  containing  admixtures  of  alkalies,  water,  helium,  and 
oxides  of  Ca,  Mg,  Mn,  Fe,  Or,  and  V.  The  simplest  crystals  are  elong¬ 
ated  slx-slded  prisms  combined  with  a  pinacold;  tabular  crystals,  gran¬ 
ular  masses,  etc. ,  are  also  encountered.  Beryl  is  brittle  and  has  an 
Intense  glassy  luster,  a  Mohs  hardness  of  7.5-8,  a  specific  gravity  of 
2. 63-2. 91 >  a  of  1420°,  a  coefficient  of  thermal  expansion  of 

26«10“^  (20-1000°),  and  a  dielectric  constant  of  6. 8-7. 6;  Its  Indices 
of  refraction  are  =  I.568-I.602  and  r.p  =  1.564-1.595-  It  has  a  dis¬ 
persion  of  0.014.  The  only  acid  which  reacts  with  beryl  Is  fluoric  acid. 
The  following  color  varieties  of  beryl  are  distinguished:  l)  true 
beryl  -  blue,  greenish-blue,  yellow,  yellowish-green,  green,  brown, 
milky  white,  and  occasionally  reddish;  cloudy,  opaque  crystals  and 
granular  masses;  2)  emerald  -  bright  green  as  a  result  of  an  impurity 
of  Cr^"^;  unflawed,  opaque  varieties  with  a  uniform  rich  color  are  very 
rarely  encountered  and  are  highly  prized  as  gem  stones;  paramagnetic; 

3)  aquamarine  —  clear,  greenish-blue  hues  ranging  from  almost  colorless 

to  pure  greenish-blue  and  deep  blue;  the  color  is  due  to  an  impurity  of 
2+ 

Pe  ;  precious  stone;  4)  vorobyevite  (morganlte)  -  reddish  or  yellowish- 

2+ 

red  as  a  result  of  an  impurity  of  Mn  ;  contains  cesium;  5)  rosterite  — 

colorless,  in  short  prismatic  or  tabular  crystals;  6)  hellodor  -  clear, 

golden-yellow,  principally  as  a  result  of  an  admixture  of  Fe  ,  but 
3+ 

possibly  of  Fe”^  ;  gem  stone. 

The  ewelry  trade  values  emeralds,  which  are  more  expensive  than 
diamonds  when  of  high  quality,  aquamarines,  especially  those  which  are 


rich  In  color  and  less  glassy,  hellodor,  and  vorobyevite.  The  require¬ 
ments  for  Jewelry-grade  beryl  include  uniform  coloration,  absence  of 
cracks  and  Inclusions,  and  transparency. 

Ref ergi ces ;  Betekhtin,  A. G. ,  Mineralogiya  [Mineralogy],  Moscow, 
I95O;  Fersman,  A. Ye.,  Drotsennyye  i  tsvetnyye  kamni  Rossii  [Precious 
and  Colored  Stones  of  Russia],  Vol.  1,  Petrograd,  1920;  Kryzhanovskiy, 

V. I. ,  Akvamarin,  v  kn.  [Aquamarine,  in  book]:  Nemetallicheskiye  isko- 
payemyye  SSSR  [Nonmetallic  Minerals  of  the  USSR],  Vol.  1,  Moscow-Lenin- 
grad,  1936;  Grum-Grzhimaylo,  S.V. ,  and  Pevneva,  L.A.,  Krivyye  spektral’ 
nogo  pogloshcheniya  berillov  1  topazov  razlichnykh  okrasok  [Spectral 
Absorption  Curves  of  Beryls  and  Topazes  of  Various  Colors],  Tr.  In-ta 
kristallogr.  AN  SSSR  [Transactions  of  the  Institute  of  Crystallography, 
Academy  of  Sciences  USSR],  1956,  No.  12;  Narayana,  Rao,  Dielectric  Con- 
stands  of  Crystals  —  III,  ”Proc.  Indian  Acad.  Sci.  A,,  19^9^  Vol.  30, 

No.  2;  Hummel,  F.  A. ,  Observations  on  the  Thermal  Expansion  of  Crystal¬ 
line  and  Glassy  Substances,  "J.  Amer.  Ceram.  Soc. ,  1950,  Vol.  33>  No.  2. 
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BERYLLIUM,  Be  -  a  chemical  element  of  group  II  of  Mendeleyev’s 
periodic  system,  with  an  atomic  number  of  4  and  an  atomic  weight  of 

Q 

9.013.  It  has  one  stable  isotope,  Be^,  and  Is  Included  among  the  rare 
elements . 

The  beryllium  content  of  the  earth’s  crust  amounts  to  6.10”^5^  by 
weight.  The  great  difficulties  Involved  in  the  metallurgy  of  beryllium 
made  it  impossible  to  produce  it  commercially  until  the  end  of  the 
1920's. 

The  outstanding  properties  of  this  metal,  high  strength  In  con¬ 
junction  with  a  low  specific  gravity  (1.84),  a  relatively  high  melting 
temperature  (1283*),  and  good  corrosion  resistance  have  made  it  an  l2>- 
replaceable  structural  material  In  some  cases,  principally  In  aeronau¬ 
tic  and  rocket  technology  and  In  the  manufacture  of  instruments.  The 
discovery  of  atomic  energy  brought  Into  play  still  another  Important 
property  of  beryllium,  Its  low  effective  thermal-neutron  cross-section, 
which.  In  conjunction  with  Its  low  atomic  weight,  makes  beryllium  one 
of  the  best  materials  for  thermal-neutron  moderators  and  reflectors  and 
heat-evolvlng-element  casings  In  atomic  reactors.  Beryllium  Is  the  only 
metal  with  these  nuclear  characteristics.  The  use  of  beryllium  in  neu¬ 
tron  sources  based  on  radium,  polonium,  actinium,  plutonium,  etc. ,  Is 
based  on  its  ability  to  become  a  hlgh-power  neutron  source  when  bom¬ 
barded  with  a-partlcles.  Beryllium  Is  highly  permeable  to  soft  x- radia¬ 
tion  (its  permeability  Is  17  times  that  of  Al)  and  disks  of  this  metal 
are  consequently  employed  as  windows  In  x-ray  tubes  with  high  beam  pow¬ 
ers.  Beryllium  is  also  distinguished  by  high  reflectivity  for  the  ul- 
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travlolet  portion  of  the  spectrum,  high  thermal  conductivity  and  heat 
capacity,  a  high  sound-propagation  rate,  and  chemical  activity  at  high 
temperatures.  It  Is  a  good  reducing  agent  and  Is  capable  of  causing 
dispersion  hardening  In  a  n’unber  of  alloys,  especially  those  based  on 
copper  (see  Beryllium  bronze).  Beryllium  Is  used  as  an  additive  to 
aluminum  alloys  and  for  applying  hard  diffusion  layers  to  steel  sur¬ 
faces  (see  Berylllzatlon  of  steel). 

Many  of  the  properties  of  beryllium  cannot  be  fully  utilized  be¬ 
cause  of  the  low  plasticity  and  high  toxicity  of  dispersed  beryllium 
and  its  compounds.  The  reason  for  the  low  plasticity  of  this  metal  has 
not  been  fully  explained,  but  It  has  been  established  that  there  is  a 
marked  anisotropy  of  properties  In  crystals  and  products,  especially 
those  subjected  to  pressure  working.  The  plasticity  of  beryllium  de¬ 
pends  on  the  manner  In  which  the  impurities  are  distributed  and  the 
purity,  grain  size,  and  texture  of  the  metal.  Combinations  of  differ¬ 
ent  processing  methods  and  reg.  o  make  it  possible  to  obtain  bars, 
various  shapes,  sheets,  wire,  tubing,  etc.,  from  beryllium. 

The  low  beryllium  content  of  the  earth's  crust,  the  complexity  of 
the  techniques  used  for  processing  the  ore  and  obtaining  the  metal,  and 
the  toxicity  of  the  latter,  which  requires  that  special  protective 
measures  be  taken  during  production,  make  beryllium  relatively  expen¬ 
sive  and  limit  Its  application. 

Production  of  metal.  Beryllium  Is  usually  produced  commercially  by 
metallothermlc  reduction  and  electrolysis  of  melts.  The  metal  obtained 
by  reduction  of  beryllium  fluoride  with  magnesium  Is  generally  referred 
to  as  fluoride  or  magneslothermlc  bery''llum.  Fluoride  beryllium  con¬ 
tains  0. 1-0.3^  Pe,  0.007-0.025^  Mn,  0.01^  Cr,  0.01-0.035^  Nl,  0.03-0.055^ 
Mg,  0.02-0.155^  Al,  1.10“^5^  B,  and  O.O^l-0.25^  C.  Ingots  of  fluoride  ber¬ 
yllium  are  used  in  the  manufacture  of  finished  products  by  powder-me- 
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tallurglcal  methods  or  by  casting.  The  only  electrolytic  method  used 
commercially  is  electrolysis  of  molten  beryllium  chloride  mixed  with 
NaCl.  The  metal  obtained  in  t  his  manner  is  referred  to  as  chloride, 
scale,  flake,  or  electrolytic  beryllium.  Cnlorlde  beryllium  is  usually 
higher  in  quality  than  magneslothermlc  beryllium.  The  approximate  con- 
tent  of  basic  impurities  in  chloride  beryllium  is  as  follows:  2«10  - 

1.10"^^  Mn,  2. 10" 3-2. 10"^^  Cu,  Fe,  3*10"3jg  3.10"3- 

2.10"^^  Si,  3.10"3-5.10“^^  Ni,  and  2.10“3^  Cl. 

Data  on  the  oxygen  and  carbon  contents  are  insufficient;  isolated 
reports  indicate  that  these  impurities  reach  several  tenths  of  a  per¬ 
cent. 

In  order  to  Increase  its  purity  and  Improve  its  plasticity  metal¬ 
lic  beryllium  is  refined  by  high-vacuum  distillation  and  soluble-anode 
or  zone-melting  electrolysis.  Beryllium  is  distilled  at  a  residual 
pressure  of  10"3-io"^  mm  Hg,  heating  the  metal  to  1320-1350°.  It  is 
condensed  on  a  molybdenum  base.  The  distillate  takes  the  foim  of  large 
crystals,  which  adhere  to  one  another.  The  contents  of  certain  impuri¬ 
ties  in  distilled  beryllium  are  as  follows:  6.10"3jg  Pe,  3»10"3j^  Al, 
5.10"^^  Cu,  3.10"3^  Ni,  5*10'^^  Cr,  2.10"3^  Mn,  I.IO"^^  Pb,  and  1.10"3^ 
N.  Metal  of  still  higher  purity  (up  to  99.98^)  can  be  obtained  by  re¬ 
distillation. 

Manufacture  of  finished  products.  Powder  metallurgy  is  the  princi¬ 
pal  method  used  to  produce  blanks  for  manufacture  of  finished  products 
(see  Beryllium  block).  Beryllium  is  not  very  often  cast,  since  the  cast 
metal  has  low  mechanical  cnaracteristlcs  and  a  coarse-grained  struc¬ 
ture,  which  hampers  working.  Several  powder-metallurgical  processes  are 
employed  for  beryllium:  "cold"  pressing  and  subsequent  sintering, 

"warm"  pressing,  "hot"  pressing,  and  sintering  without  pressing.  Beryl¬ 
lium  powder  with  a  grain  size  of  no  more  than  70  p,  is  used  as  the  Inl- 
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tlal  material  for  production  of  cermets.  Powder  with  a  grain  size  of 
no  more  than  0.5  nun  is  employed  in  Isolated  cases.  Cast  beryllium  in 
which  the  grains  have  been  pulverized  by  thermomechanical  or  other 
treatment  Is  equal  In  quality  to  metal  produced  by  powder  metallurgy. 
Heating  of  beryllium  to  temperatures  above  600®  Is  carried  out  in  a 
vacuum  or  an  Inert  medium,  in  order  to  prevent  oxidation. 


Physical  Properties 


y  at  25“  (determined  by  x-ray  diffraction  analysis)  - 
i.»*47io.ooo7  g/cm3 

Atomic  radius  1,123  kX 

Lattice  type  -  tightly-packed  hexagonal 
Lattice  parameters  (kX)  at  temperature  of  (®C): 

Room  temperature 


a  c  CO 


KOMtiaTHOft  .  .  .2.2H1  3.&77  |  5B8 

200* . 2.287  3.S8t  I.5fi7 

6«0“ . 2.308  3.608  1,504 

1000*  . 2.325  3.632  1.562 


Interatomic  distances 

d, . 2.221  hX 

d, . 2.28t  *.V 


Allotroplc-trans formation  temperature  (®C): 

on  heating  1250 
on  cooling  1244 

Lattice  type  of  —  body-centered  cubic 

Density  of  liquid  beryllium  at  1500®  -  1.42  g/cm^ 
Vapor  pressure  at  temperature  of: 


.  .  •!(»  •  o»»ijM 

I  23  b®  .  .  .10 om.M 
\  9  bO®  .  .  .to  -  ■  amM 
29  70®  ...  I 


Heat  of  fusion .  2335  cal/mole 

Heat  of  vaporization . 53490  cal/mole 

Heat  of  sublimation, . 7656O  cal/mole 

Shrinkage  on  solidification . 3/^  0 

Surface  tension  at  1500°  -  1100  +  35  ergs/cm 

For  data  on  a  see  Fig.  1 

X  (cal/cm«sec»°C)  at  temperature  of; 


undefomied 

0.37 

0.36 

not  de- 
temnlned 

deformed 

0.32 

0.29 

0.24 

For  data  on  p  see  Fig.  2 

Superconductivity . below  11°K 
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Electrochemical  equivalent 
Electrolytic  dissolution 
potential  of  Be/Be"^  r 

Reflective  capacity  < 


.  .  .  0.0467  mg/coulomb 

Eq  »  1.9  V 
52-555^  (for  white  light) 

55J^  (for  ultraviolet  light) 


Radiation  factor:  ^ 

at  wavelength  of  6500  A.  .  .0.61  (to  melting  point) 
"  "  5500  A.  .  .0.61  (to  melting  point) 

Sound-propagation  speed  12,600  m/sec 

For  other  physical  properties  of  beryllium  see  Ta¬ 
bles  1-3. 


TABLE  1 

Isotopes  of  Beryllium 


Mtcoi 

2 

run 

1 

Him  m  oiieru  iin 

lltpMOB 

roiiw  1 
1  ; 

llliitt  MNn- 

eiiH’iH  I 

(W.y 

n  uypiicuuai 

6 

u**. . 

e.02l9 

U.  003(16 

4.41 

iicMaiiccTcnT 

0.4 

6.'i  cyTOH-OO^ 

It*’. . 

T.OItItf 

U. 00274 

6.. 13 

T  0.463— 0.41)6 

Ut*. 

S. 00796 

0.00003 

7.02 

a0.047 

10-x-lO-'' 

u«>  . 

b*'* . 

1  0.01603 
10,01077 

0,00107 

0.00160 

6.43 

6,46 

r.”’.'-”®  j 

'*1  11 
0.710‘MT 

^1,0177 

0.00263 

6.60 

Her  Q 

Ml'. 

Heii.M30(‘Te)i 

-12 

1)  Isotope;  2)  mass;  3)  packing  factor;  4)  bonding  energy  (mev);  5) 
type  and  energy  of  radiation  (mev);  6)  half-life;  7)  unknown;  o)  sta¬ 
ble;  9)  no  radiation;  10)  sec;  ll)  days;  12)  years. 


Pig.  1.  Coefficient  of  theimal  expansion  of  beryllium:  l)  Volumetric: 
2)  linear,  perpendicular  to  c  axis;  3)  linear,  parallel  to  £  axis,  a) 
Coefficient  of  expansion;  b)  temperature,  ®C. 


Figure  3  shews  the  effective  neutron  cross-section. 

Chemical  properties.  Beryllium  occupies  a  position  Intermediate 
between  magnesium  and  aluminum  with  respect  to  chemical  properties, 
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which  detemlnes  its  position  in  the  Mendeleyev  Tabic.  This  element  ex¬ 
hibits  high  reactivity  (Tables  4  and  5)- 

The  solubility  of  hydrogen  In  molten  beryllium 
is  substantially  reduced  on  solidification  and  fur¬ 
ther  cooling.  There  are  no  reliable  reports  of  a  no¬ 
ticeable  interaction  between  solid  beryllium  and  hy- 

Plg.  2.  Elec-  drogen.  Reaction  of  beryllium  with  phosphorus  vapor 
trlcal  resis¬ 
tance  of  bei^  produces  beryllium  phosphide.  Finely-dispersed  beryl- 
ylllum.  1)  p. 

M.  ohms/cm;  2)  Hum  powder  burns  In  sulfur,  selenium,  or  tellurlujn 
temperature, 

®C.  vapor.  This  metal  reduces  borates,  phosphates,  and 

silicates  to  the  corresponding  elements.  Molten  beryllium  reacts  with 
the  majority  of  oxides,  nitrides,  sulfides,  and  carbides,  including 
those  of  magnesium,  calcium,  aluminum,  titanium,  and  zirconium. 

The  mechanical  properties  of  products  fabricated  from  beryllium 
vary  within  wide  limits,  depending  on  the  purity  of  the  metal,  produc- 


Plg.  3.  Effective  neutron 
cross-section  of  beryl¬ 
lium.  l)  Effective  cross- 
section,  bams;  2)  neu¬ 
tron  energy,  inev;  3)  to¬ 
tal;  4)  absorption. 


tlon  technology,  grain  size,  degree  of 
anisotropy,  and  testing  late.  The  test 
results  are  also  Influenced  by  the  size 
of  the  specimens  and  the  manner  in  which 
they  are  prepared,  since  beryllium  is 
highly  sensitive  to  notching.  In  order  to 
eliminate  notching  cutting  is  carried  out 
with  a  well-sharpened  haixl-alloy  tool  and 


heating  of  the  specimen  Is  avoided.  Preparation  of  the  specimens  should 
terminate  in  removal  of  the  surface  layer  (0.04-0.05  mm)  by  chemical 


etching  and  subsequent  electropolishing. 

Fluoride  beryllium  powder  is  the  material  predominantly  used  in 
the  manufacture  of  finished  products  and  It  Is  consequently  the  proper¬ 
ties  of  this  metal  which  are  given  (Table  6). 
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TABLE  2 

Themiodynamlc  Properties 


I  P  *  (h.aAM04i) 


Tm«ii-P» 

OK)  ,  1 

^  i 

- 3- 

KOHieHCt* 

poMoitoro 

1  (18 .41  , 

1  1 

“5 - 1 

1  1 

It8p« 

208 . 1 1;  i 

t .  2(1 

!  4, #7 

t 

1  i 

1  1  48t 

400 

1  4  ‘‘ei 

^  — 

880 

«oo 

'  ■>.  u 

1 

»880 

800 

.*.72 

3000  1 

i 
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■  K.1.) 

8.88 
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I30o 

1  7  17 

— 

IMHO 

iSSd 

(riif(i;(li(l)  5 
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80Nii 

1  5n*' 

<  MUhllO  Y 

1  1  4 » '< 

1)  Temperature  (°K);  2)  c_  (calA>oae.”K);  3)  condensed;  k)  vapor;  5) 
heat  content  (cal/mole);  6)  solid;  7)  liquid. 


TABLE  3 

Heat  Capacity  at  Low  Tempera¬ 
tures 


Trvii'i'H 

(  K) 


Tr«i>-|>a  '  ‘p  ^ 

’K)  ("It)  3  .(•OTJ*  «"•«'>  ►ii 


1)  Temperature  {°K);  2)  c^  (cal/ 
/mole»°K) . 

TABLE  4 

Reaction  of  Beryllium  with  Certain  Acids  and  Al¬ 
kalies 
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1)  Reagent;  2)  concentration;  3)  temperature;  4)  cnaracter  of  reaction; 
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5)  hydrofluoric  acid;  6)  hydrochloric  acid;  7)  sulfuric  acid;  8)  nitric 
acid;  9)  oxalic  acid:  10)  acetic  acid;  11)  tartaric  acid;  12)  citric 
acid;  13)  allcall;  14)  aqueous  ammonia;  I5)  any;  I6)  concentrated;  17 ) 
dilute;  18)  glacial;  19)  room;  20)  on  heating;  21)  reacts  vigorously; 
22)  reacts  weakly;  23)  does  not  react;  noticeable  reaction  only  with 
finely  dispersed  powder;  24)  slight  acceleration  of  reaction;  25)  does 
not  react,  even  with  finely  dispersed  powder;  26)  reacts  until  a  ’ly- 
drated  oxide  is  formed  on  the  surface  of  the  metal,  preventing  further 
Interaction;  27)  reacts;  28)  does  not  react. 

TABLE  5 

Nature  of  Interaction  of  Beryl¬ 
lium  with  Certain  Gases 

~~  r...  :  Tfn-p.g 

'►top  L  prarapytT 

Xilop  c  KnaMmrKnaa  •  IQ 

Hoa  7  ^  1  t  * 
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I)  Gas;  2)  temperatui’e;  type  of  reaction;  4)  fluorine;  5)  chlorine; 
6)  bromine;  7)  Iodine;  8;  hydrogen  sulfide;  9)  oxygen;  10)  nitrogen; 

II)  ammonia;  12)  hydrogen  cyanide;  13)  carbon  dioxide  (dry);  14)  carbon 
dioxide  (moist);  15)  room;  I6)  elevated;  ]?)  above;  I8)  reacts;  19)  at¬ 
tack  begins  after  8OOO  hours;  20)  attack  begins  after  4oO  hoars; 21) 
same. 
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TABLE  6 

Basic  Properties  of  Beryllium 
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■' )  Property;  2)  hot-pressed;  3)  hct-pressed,  ex¬ 
truded,  and  aruioalcd ;  4)  hot-prc;.  sed  and  rolled; 
5)  kg/mm^. 
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Fig.  4.  Modulus  of  elasticity  as  a  function  i^f  teniperature  during  dyna¬ 
mic  tensile  testing:  la)  during  extension  at  a  rate  of  0.005  mmA‘*n*niln; 
lb)  during  extension  at  a  rate  of  O.GOl  rr/mm'r.ln;  Ic)  during  extension 
at  a  rate  of  0.0002  nm/mm*mln.  A)  Tem.porature,  ®C. 


Pig.  5-  Ultimate  strength  (a)  and  elongation  (b)  of  beryllium  produced 
by  different  methods  as  a  function  of  temperature  during  extension:  l) 
extruded  cast  berv Ilium.;  2)  extruded  electrolytic  (chloride)  beryllium.; 
3)  hot-pressed;  4)  hot-pressed  and  warr.-extruded ;  5)  .hot-pressed  and 
hot-extruded.  A)  c.  ,  kg/mr^ ;  b)  te.mpcrature ,  °C. 
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Pig.  7.  Ultimate  strength  (a),  elongation  (b),  and  necking  (c)  of  hot- 
pressed,  warm-extruded  beryllium  as  a  function  of  temoerature:  l)  Along 
extrusion  axis;  2)  perpendicular  to  extrusion  axis.  A)  kg/mm2;  B) 
temperature,  °C. 


Pig.  8.  Ultimate  strength  (a),  elongation  (b),  and  necking  (c)  of  hot- 
pressed,  hot-extruded  ber-yllluni  as  a  function  of  temperature:  l)pAlong 
extrusion  axis;  2)  perpendicular  to  extrusion  axis.  A)  a,  ,  kg/mm'^;  B) 
temperature,  "C. 


E  varies  only  slightly  as  a  function  of  deformation  rate  (Fig.  4). 
On  compression  accompanied  by  a  rise  In  temperature  E  varies  In  the 
same  manner  as  the  modulus  of  elasticity  on  extension,  but  has  a  lower 
value. 

Table  7  shows  the  change  In  the  modulus  of  elasticity  of  beryllium 
under  torsion.  Table  8  shows  the  properties  of  fluoride  and  chloride 
beryllium  under  tension.  Table  9  shows  the  change  In  the  properties  of 
hot-pressed  beryllium  blocks. 

Plg’ures  5  (a  and  6,  7 (a,  b,  and  c),  8  (a,  b,  and  c),  and  9 
(a,  b,  and  _c)  show  certain  properties  of  beryllium  as  a  function  of 
temperature  and  elongation. 

There  Is  a  large  discrepancy  In  the  properties  of  different  batches 
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of  extruded  beryl:  luni  (more  than  10^  in  a,  and  60^  of  the  average  value 
of  6),  as  well  as  within  a  single  bar,  where  It  amounts  to  approximate¬ 
ly  1/2  of  the  discrepancy  between  batches  (Table  9)- 

Figure  10  shows  the  properties  ox’  sheets  obtained  from  extruded 
strips  by  transverse  rolling  at  980°  with  various  elongations.  Sheets 
with  uniform  properties  (6  ~  40^)  are  obtained  at  an  elongation  of  6-8. 

Grain  size  Is  an  important  factor  affecting  the  mechanical  pro¬ 
perties  of  beryllium.  Figure  11  shows  the  properties  of  hot-pressed 
blocks  produced  from  powders  of  varying  coarseness.  The  favorable  in¬ 
fluence  of  fine  grain  size  on  the  properties  of  hot-pressed  and  hot-ex¬ 
truded  beryllliun  (at  temperatures  of  up  to  500°)  Is  shown  in  Figs,  12 
and  13.  The  properties  of  beryllium  produced  from  fine-grained  powders 
decrease  at  temperatures  above  400-500°,  where  fracture  becomes  trans¬ 
crystalline.  Coarse-grained  material  usually  has  better  characteristics 
than  fine-grained  metal  at  temperatures  above  this  level. 

The  properties  of  beryllium  under  tension  depend  on  the  deformation 
rate.  A  rise  in  temperature  from  430  to  540°  has  no  material  effect, 
but  an  Increase  to  more  than  650°  causes  a  sharp  decrease  in  properties 
(lable  10). 

Figure  14  presents  data  on  the  long-term  strength  of  hot-pressed 
beryllium,  while  Fig.  I5  shows  the  Influence  of  an  increase  in  BeO  con¬ 
tent.  Figure  16  and  Table  11  show  the  change  in  yield  strength  under 
compression  as  a  function  of  deformation  rate  at  different  temperatures. 

The  hardness  of  beryllium  is  not  taken  into  account  in  evaluating 
its  quality,  since  it  depends  to  a  considerable  extent  on  the  aniso¬ 
tropy  of  the  material.  The  hardness  of  beryllium  varies  within  the  fol¬ 
lowing  limits:  RB  6O-85  for  hot-pressed  beryllium  and  RB  =  60-93  for 
beryllium  extruded  from  the  hot-pressed  metal,  depending  on  the  direc¬ 
tion  and  prior  annealing.  Th^-  highest  narJness  is  observed  parallel  to 
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TABLE  7 

Change  In  Modulus  of  Torsion  of 
Hot-Vacuum-Pressed  Beryllium 


(H-.)  j 

KoMiiaTRafi  .4  .  . 

«so . 

KdMH.lTIlaR 

65n . 

«S0  .  . . 


r.HOpiX'TL  I 

ite^diiMauHM  p  3  Moayak 
npu  pRrxcTIKiR  njIHMe  ( 1 1<"  •(»  <;alM 

jot , «  MM  (I'ainiaH  a«UH)! _ 


l)  Temperature  {^C);  2)  deformation  rate  at  calculated  length  of  101.6 
mm (rad Ians /m in ) j  3)  modulus  (10°  kg/cm^);  4)  room  temperature. 


TABLE  8 

Properties  of  Cast  and  Cermet 
Beryllium  Under  Tension 
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l)  Condition  of  material;  2)  test  direction;  3)  kg/mm  ;  4)  vacuum-cast 
fluoride  beryllium;  5)  extruded  and  annealed  cast  fluoride  beryllium; 

6)  extruded  and  annealed  chloride  cermet  beryllium;  7)  extivded  and  an¬ 
nealed  cermet  fluoride  berylllam;  8)  longitudinal;  9)  the  same. 

TABLE  9 

Properties  of  Hot-Pressed  Fluor- 
jriP  beryllium  Blocks  as  a  Func¬ 
tion  of  Processing 
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l)  Condition  of  material;  2)  kg/mm*^;  3)  initial  block;  4)  warm-extruded 
with  an  elongation  of  5;  5)  warm-extruded  with  an  elongation  of  5  and 
annealed  at  750°;  6)  hot-extruded  with  an  elongation  of  12;  7)  hot  ex¬ 
truded  with  an  elonatlon  of  12  and  annealed  at  750°;  8)  rolled  (60$^  re- 
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ductlon  In  area  at  850-900'’);  9)  rolled  v;lth  60^  reduction  In  area  at 
850-900°  (in  direction  perpendicular  to  axis). 


TABLE  10 

Properties  cf  Hot-pressed  Beryllium  Blocks  as  a 
Function  of  Tempera  cure  and  Deformation  Raue 
(initial  grain  size  -  70  p.) 
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1)  Test  temperature  (°C);  2)  deformation  rate 
(mm/mm -min);  3)  kg/mm^. 


TABLE  11 

Properties  Under  Compression 
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1)  Condition  of  material;  2)  kg/mm^;  3)  at;  4) 
extruded  cast  beryllium;  5)  extruded  cermet 
beryllium. 


TABLE  12 

Properties  Under  Shear  and  Torsion 
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1)  Condition  of  material;  2)  type  of  test;  3)  ;  4)  torsion  angle 

to  fracture  (in  degrees);  5)  hot-pressed;  6)  hot-pressed  and  warm-ex¬ 
truded  (elongation  -  5);  7)  hot-pressed,  waiTn-extriided,  and  annealed 
at  750°;  8)  torsion,  double  sheai  9)  torsion. 
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TABLE  13 


Properties  During  Impact  Testing 
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l)  Condition  of  material;  2)  type  of  specimen;  3)  work  of  Impact  frac¬ 
ture  on  bending,  in  kg-m  (cross-section  -  2.54  cm^);  4)  work  of  Impact 
fracture  on  extension,  in  kg-m  (d  =  5.4  mm);  M  hot-pressed;  6)  warm- 
pressed  and  hot-extruded  (elcr.gatlon  -  12):  7)  warm-pressed  and  hot- 
rolled;  8)  hot-pressed  and  hct-extruded;  9)  the  same;  10)  cast  and  hnt- 
extruded;  11 )  without  notch;  12)  with  notch. 


Pig.  9.  Ultimate  strength  (a),  elongation  (b),  and  necking  (c)  of  hot- 
pressed  and  hot-extruded  beryllium  as  a  function  of  temperature  at  dif¬ 
ferent  drawing  depths,  l)  a^,  kg/mm^;  2)  temperature,  °C. 


Fig.  10.  Ultimate  strength  (a)  and  elongation  (b)  of  beryllium  sheets 
roiled  from  extruded  strips  perpendicular  to  axis  as  a  function  of 
drawing  depth,  l)  kg/mm'^;  test  fracture  stress,  kg/mm^;  2)  draw¬ 

ing  depth;  3)  longitudinal;  4)  transverse. 
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Pig.  11.  Properties  of  hot-cressed  berylllurr:  as  a  function  of  average 
grain  size  under  tension.  1)  kg/rnm^;  2)  average  grain  size  (p.);  3) 
room  temperature. 


Fig.  12.  Ultimate  strength  (a),  elongation  (b),  and  necking  (c)  of 
beryllium  hot-pressed  from  powders  of  varying  coarseness  as  a  function 
of  temiperature  under  tension:  l)  Average  grain  size  —  0.06l  mm;  2) 

n;  4; 


average  grain  size 
average  grain  size 


-  O.Otil  ram;  3)  average  grain  size  -  O.Cjl  mm;  4) 

—  0.017  mm.  A)  o^,  kg/mm^r  B)  temperature,  °C. 


Pig.  13.  Ultimate  strength  (a)  and  elongatlor  (b)  of  beryllium  hot- 
pressed  from  powders  of  varying  coarseness  and  hct-extruded  as  a 
function  of  temperature:  l)  Average  grain  size  —  O.066  mm:  2)  average 
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grain  size  -  0.u49  rrnn;  3)  average  grain  size  -  0.037  mr;  4|  aver-age 
grain  size  -  U.020  mm;  5)  average  grain  size;  -  O.OI3  mm.  A)  0.  ,  kg/mm*^; 
B)  temperature,  “C.  ^ 

the  extrusion  axis. 

Table  12  shows  the  ultimate  strength  (under  torsion  and  double 
shear)  and  yield  strength  (under  torsion)  of  beryllium,  as  well  as  the 
maximum  torsion  for  metal  obtained  by  various  methods. 

The  surface  preparation  of  the  specimen  and  the  hammer  speed  have 
a  strong  Influence  on  the  results  of  Impact  tests  on  beryllium  (Tables 

13  and  14). 

Tensile  tearing  of  notched  hot-pressed  beryllium  specimens  has 

shown  that  elongation  decreases  from  1.8  to  0%  and  ultimate  strength 

2 

from  35  to  34  kg/mm  .  Semicircular  notching  of  hot-pressed  beryllium 
containing  j.  ana  ‘d^b  BeO  yields  decreases  In  ultimate  strength  from  28 
to  17  kg/mm  and  from  38  to  21  kg/mm  respectively.  The  theoretical 
stress-concentration  factor  is  1.8. 

The  fatigue  strength  of  warm-extruded  (with  an  elongation  of  4) 
beryllium  (which  has  the  following  properties  under  tension:  =  40 

kg/mm^,  Op  p  =  37  kg/mm^.  „..J  '  if)  Is  22 

When  beryllium  is  subjected  to  thennal-shock  testing  in  metallic 
sodium  at  350-530°  specimens  obtained  from  cast  beryllium  by  hot  extru¬ 
sion  crack  after  100  cycles,  while  those  obtained  from  cold-pressed  and 
hot-pressed  metal  crack  after  100-200  cycles.  Specimens  of  hot-pressed 
beryllium  crack  after  30O-5OO  or  more  cycles. 

Beryllium  sheets  withstand  bending  poorly;  the  minimum  bending 
radius  Is  approximately  40  times  the  shecv  thickness  (Table  lb).  How¬ 
ever,  the  permilssible  bending  radius  is  sharply  reduced  In  bending  nai>- 
row  specimens.  A  specimen  I.65  mm  thick  and  2.16  mm  wide  can  be  bent 
around  a  core  3-17  mm  In  diameter.  The  degree  of  fracture  becomes  neg- 
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Fig.  l4.  Long-term  strength  of  hot-pressed  beryllium  as  a  function  of 
time,  l)  Stress,  kg/mm^;  2)  time  to  fracture,  hr. 


Fig.  15.  Long-term  strength  (in  lOO-hr  tests)  of  hot-pressed  beryllium 
as  a  function  of  BeO  content:  l)  3%  (by  weight);  2)  1^  (by  weight),  a) 
Stress,  kg/mm^;  b)  temperature,  °C. 


TABLE  14 

Work  of  Imipact  Fracture  of  Beryl ''xum,  on  Bending  (in 
kcr-m)  as  a  Function  of  TernperaCurr  (Unnotched  Charpy 
Specimens) 
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1)  Condition  of  material;  2)  temperature  (“C);  3) 
room  temperature;  4)  hot-pressed;  5)  hot-pressed 
and  extruded. 
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TABLE  15 

Properties  of  Hot-Pi essed 
EerylllLun  Specimens  During 
Bending 
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l)  Rolling  direction;  2)  test  direction;  3)  test  tenperatiire  (“C);  h) 
least  bending  radius  without  fracture  (mm);  5)  In  one  direction;  6)  the 
same;  7)  In  two  mutually  perpendicular  directions;  8)  longitudinal;  9) 
transverse;  10)  room  temperature. 
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Pig.  l6.  Yield  strength  of  hot-; ressed  beryllium  as  a  function  of  tem¬ 
perature  and  test  rate  under  compression,  l)  2  ^^der  compression, 

kg/mm^;  2)  deformation  rate,  mm/mm. min. 


Fig,  17.  Plasticity  of  beryllium  sheet  during  bending  test  as  a^func- 
tlon  of  elongation  of  extr’aded  strip  during  rolling  (during  95*^'’)^  1) 
Along  rolling  axis;  2)  perpendicular  to  rolling  axis,  a)  Rise  of  frac¬ 
ture  during  bending;  b)  elongation. 
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Hot-Presijtd  Berylllar. 
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llglble  for  strlpo  more  than  5  tnir.  wide  (Pig.  17). 

When  the  surfaces  and  edges  cf  teri/lliuip  sheets  are  carefully  fin¬ 
ished  they  can  be  bent  through  373-5^0“  with  a  r.lnlr.u"  radius  e^^ual  to 
4  times  their  thickness  and  through  more  than  540*^  with  a  minlm^um  rad¬ 
ius  equal  to  twice  their  thickness. 

Effect  of  irradiation.  No  material  changes  in  length,  density, 
hardness,  modulus  of  elasticity,  electrical  resistance,  or  thermial  con¬ 
ductivity  are  observed  after  irradiation  of  beryllium  with  fast  neu¬ 
trons  (energy  —  0.5  mev)  at  a  flux  of  neutrcns/cm*'  and  a  temoer- 

ature  of  30°.  .Raising  the  flu.x  to  1.8.10^'"’  neutrons/cm^  leads  to  a 


slight  increase  in  haixJr.ess  and  a  decrease 
there  is  no  diffei’cnce  in  the  behavico  of  ■ 
nethods.  A  prcnuur.ced  rise  in  r.ai'dness  is 
flux  is  further  Increased  (Table  16). 
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References:  Berllliy  [Beryllium],  edited  by  D.  White  and  J.  Berk, 
translated  from  English,  Moscow,  I96O;  Slllna,  G.F. ,  Zarembo,  Yu. I., 
Bertlna,  L.E. ,  Berllliy.  Khlnlcheskaya  tekhnologlya  1  metallurglya 
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BERYLLIUM  ALLOYS  —  alloys  based  on  beryllium  or  on  more  complex 
combinations  containing  considerable  quantities  of  beryllium  (no  less 
than  10-20^),  such  as  beryl llum-alun;inum  alloys. 

Beryllium-aluminum  alloys.  Be-Al  alloys  are  of  great  Interest  as 
structural  materials  for  aircraft  lipment,  since  they  have  valuable 
TABLE  1 

Properties  of  Deformed  Be-Al  .llloys  (data  furnished 
by  ALCOA,  USA) 
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*§heets  1,6  mm  thick  are  produced  In  addition  to 
those  mentioned. 

1)  Be  content  (^);  2)  semifinished  product;  3)  condition;  4)  kg/mm^;  5) 
sheets;  6)  the  sane;  7)  forged  bars  (d  =  10.5  mm);  8)  sheets  0.2  mm 
thick;  9)  sheets  4  mm  thick:  10)  castings;  11)  50^  reduction  in  area: 
12)  quenching  from  562°;  13)  after  pressing;  l4)  testing  at  315°;  15) 
annealing  at  300°;  I6)  quenching  from  620°;  I7)  quenching  from  620°, 
aging;  18)  1%  reduction  in  area;  19)  annealing  at  400°;  20)  quenching 
from  600°;  21)  annealing  at  600°;  22)  annealing  at  340°;  23)  annealing 
at  4l0°;  24)  after  rolling;  25)  after  annealing;  26)  loam  casting;  27; 
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testing  at  260®;  28)  chill  casting. 

propertless  lightness  (the  specific  gravity  Be  is  1.84  and  that  of  A1 
is  2.8),  high  rigidity  (the  modulus  of  elasticity  of  Be  is  ~30,000  kg/ 

p  p 

/mm  and  that  of  A1  is  7000  kg/mm  ),  a  higher  technological  plasticity 
than  Be,  and  the  capacity  to  be  pressed,  forged,  or  rolled  into  thin 
sheets  at  Be  contents  of  up  to  50-60j^.  The  phase  diagram  of  the  Be-Al 
system  shows  such  alloys  to  be  eutectic  mixtures.  The  solubility  of  Be 
in  A1  is  extremely  limited,  not  exceeding  0.1^  at  room  temperature  and 
0.3?6  at  the  melting  temperature  of  the  eutectic,  A1  and  Be  can  be  mixed 
in  any  proportions  when  molten.  In  the  solid  state  the  structure  of  al¬ 
loys  based  on  this  system  (at  Be  contents  of  no  more  than  1.1-1. 4^)  con¬ 
sists  of  a  beryllium  phase  and  a  eutectic  containing  predominantly  Al. 
According  to  the  data  of  various  researchers,  the  eutectic  contains 
from  to  99-55^  Al. 

A  characteristic  of  Be-Al  alloys  containing  more  than  1.1-1. 4^  Be 
is  the  fact  that  they  are  of  the  eutectic  type  and  have  a  structure 
with  a  pronounced  phase  heterogerieity.  The  eutectic,  which  consists  of 
virtually  pure  Al,  provides  a  plastic  base  in  alloys  ounualning  up  to 
50^  Be  and,  despite  the  prese  ice  of  hard,  brittle  Be,  permits  such  al¬ 
loys  to  flow  and  makes  it  possible  to  manufacture  pressed  and  forged 
products  from  them. 

At  the  same  time,  the  pronounced  heterogeneity  of  the  structural 
constituents  of  Be-Al  alloys  give  them  a-tendency  co  crack  ur.-ier  the 
tensile  forces  which  act  during  pressure  working,  so  that  they  hav^e  a 
lower  technological  plasticity  than  commercial  aluminum  alloys.  Be-i^l 
alloys  should  be  pressed  and  rolled  at  600-650°.  Cold  rolling  with  fre¬ 
quent  intermediate  annealing  at  600°  is  also  possible.  Manui'acture  of 
dense  Ingots  entails  considerable  difficulties,  since  Be-Al  alloys  have 

440 
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a  broad  crystallization-temperature  range  and  a  tendency  toward  Inten¬ 
sive  absorption  of  gases  when  molten,  which  produces  considerable  por¬ 
osity  In  castings.  Moreover,  molten  beryllium  has  a  high  chemical  ac¬ 
tivity,  which  makes  it  preferable  to  melt  It  In  a  vacuum  or  Inert  med¬ 
ium.  It  is  in  principle  possible  to  obtain  Be-Al  casting  alloys  of  any 
composition,  as  well  as  to  produce  Be-Al  alloys  with  a  more  complex  cc-m- 
position  and  higher  mechanical  characteristics  than  binary  Be-Al  alloys 
(Table  l).  According  to  data  obtained  by  the  Aluminum  Company  of  Amer¬ 
ica,  the  strength  of  an  annealed  binary  Be-Al  alloy  containing  Be 
can  be  increased  by  a  factor  of  1^-2  by  alloying  with  additives  of  oth¬ 
er  elements  (Table  2). 

TABLE  2 

Properties  of  Be-Al  Alloys 
Containing  25J^  Be  and  Addi¬ 
tives  (data  furnished  by 
ALCOA,  USA)* 
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l)  Condition  of  material;  2)  kg/mm  ;  3)  rolled  and  annealed;  4)  the 
same,  25^  reduction  in  area;  5)  50^  reduction  in  area;  6)  755^  reduction 
in  area;  7)  pressed,  quenched,  and  aged. 


Among  the  factors  which  limit  the  applicability  of  Be-Al  alloys 
are  the  high  toxicity  of  processes  in  which  Be  vapor  and  dust  are  lib¬ 
erated  (melting,  casting,  welding,  and  cutting),  which  necessitates  the 
construction  of  specially  equipped  production  rooms,  and  the  high  cost 
of  Be.  For  these  reasons  it  Is  wise  to  use  Be-Al  alloys  In  aircraft 
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TAH£  3 

Typical  Properties  of  Beryllldes 
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l)  Compound;  2)  melting  oolnt  (“C);  3)  Vickers  hardness  at  room  temper¬ 
ature  (load  -  2.5  kg);  4;  kg/mm^);  5)  at  room  temperature;  6)  at:  7) 
oxidation  rate  (mm  over  100  hr);  8)  6  at  room  temperature  (^);  9)  nio¬ 
bium  beryllldes;  10)  tantalum  beryllldes;  11)  zirconium  beryllldes. 


equipment  only  when  rigidity  Is  a  definite  structural  factor. 

Alloys  based  on  beryllium.  Alloys  based  on  Be  are  of  exceptional 
Interest,  since  the  melting  temperature  of  Be  Is  almost  twice  that  of 
A1  of  Mg,  It  Is  as  light  as  magnesium,  its  modulus  of  elasticity  is 
more  than  4  times  that  of  Al,  Its  heat  capacity  is  more  than  twice  that 
of  Al,  and  It  has  a  number  of  valuable  properties  from  the  standpoint 
of  nuclear  physics.  It  Is  theoretically  possible  to  obtain  alloys  with 
higher  properties  than  the  Initial  base  metal  frcmi  Be  (as  well  as  from 
Al,  Mg,  Cu,  and  other  metals).  Addition  of  0.55^  N1  Increases  the  long¬ 
term  strength  of  Be  at  9OO".  It  Is  also  possible  to  Improve  considerab¬ 
ly  the  mechanical  and  even  the  technological  properties  of  Be  by  using 
beryllium  alloys  based  on  complex  systems  containing  2-4$^  SI,  O.l-lJ^ 

Ag,  and  2-4j^  Al.  The  best  casting  properties  are  obtained  with  a  Be  al¬ 
loy  containing  0.55^  T1  and  O.IJ^  Ag. 

Broad  prospects  have  been  opened  up  In  the  design  of  beryllium- 
based  technological  alloys  by  the  use  of  the  S  modification  of  Be  as 

kk2 


I-13b4 

the  alloy  base;  this  modification  has  a  body-centered  cubic  lattice  and 
exists  over  a  very  narrow  temperature  range  near  the  melting  point  of 
Be  (the  hexagonal  lattice  of  Be  becomes  cubic  at  approximately  1252“). 
The  hlgh-temperature  3  modification  of  Be  hu.b  a  higher  plasticity  than 
the  a  modification  with  Its  hexagonal  crystal  lattice.  Addition  of  cer¬ 
tain  elements,  such  as  Nl,  Co,  Cu,  Ag,  SI,  etc.,  to  the  Be  permits  con¬ 
siderable  expansion  of  the  temperature  range  over  which  the  3-phase, 
with  its  cubic  lattice,  exists.  Despite  the  presence  of  the  hlgh-tem¬ 
perature  3-Phase  In  Be  alloys  containing  a  whole  series  of  elements, 
attempts  to  obtain  this  phase  at  lower  temperatures  by  quenching  have 
been  unsuccessful. 

An  important  achievement  In  the  creation  of  materials  capable  of 
functioning  at  exceptionally  high  temperatures  has  been  the  development 
of  a  group  of  Intermetalllc  compounds  of  Be  with  Ta,  Nb,  Zr,  and  other 
hlgh-meltlng  elements,  the  beryllldes.  According  to  the  data  of  the 
Brach  Beryllium  Company  (USA),  the  tantalum  beryllide  has  a 

melting  temperature  of  1988°,  while  that  of  the  zirconium  beryllide 
Zr^Be^^^  Is  1982°.  The  specific  gravity  of  beryllldes  varies  from  2.72 
to  5.05.  The  working  temperatures  of  beryllldes  are  40-50^  higher  tlian 
those  of  Cc,  Nl,  or  niobium  alloys;  these  compounds  can  function  at 
1650“  Ibr  10  hr.  The  ultimate  bending  strength  of  beryllldes  ranges  from 

O 

58  to  70.0  kg/mm  at  1260“ .  Beryllldes  have  an  exceptionally  high  hard¬ 
ness  and  oxidation  resistance  (Table  3). 

These  compounds  have  a  greater  hlgh-temperature  strength  and  oxi¬ 
dation  resistance  than  boron  and  silicon  carbides,  aluminum  and  beryl¬ 
lium  oxides,  tungsten,  or  molybdenum.  The  coefficient  of  linear  expan¬ 
sion  of  a-beryllldes  Is  comparable  to  that  of  nickel. 

According  to  the  data  of  Brach  Beryllium,  beryllldes  are  now  em¬ 
ployed  In  the  manufacture  of  various  small  products  and  components, 
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Buch  as  shapes,  bars,  tubes,  cones,  cylinders,  blocks,  strips,  and 
disks.  Berylllde  components  are  fabricated  by  hot  pressing  of  powders, 
cold  pressing  and  sintering,  pnd  precision  casting  in  lost-metal  molds. 
The  density  of  such  products  amounts  to  98-100$^  of  Its  theoretical  val¬ 
ue.  Until  1963  beryllium  alloys  were  used  only  for  experimental  purpos¬ 
es.  The  prospects  for  creation  and  expansion  of  applications  for  beryl- 
llum-based  alloys  depend  primarily  on  advances  In  the  development  of 
methods  for  producing  plastic  Be  and  pure,  finely  dispersed  powders, 
reduction  of  the  cost  of  Be,  and  progress  In  research  and  development. 
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B.  ,  Metals  and  Alloys,  1940,  Vol.  11,  page  163;  Sloman,  H.A. ,  J.  Inst. 
Metals,  1932,  Vol.  49,  page  365,*  Losano,  L. ,  Allumlnlo  [Aluminum],  1939, 
Vol.  8,  page  67;  Kaufmann,  A.  R.  ,  Gordon,  P. ,  Lillie,  D. W. ,  Trans.  Amer. 
Soc.  Metals.,  1950,  Vol.  42,  page  785. 
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BERYLLIUM  BLOCK  -  compact  metallic  beryllium  In  the  form  of  geo¬ 
metrically  uncomplicated  cylinders,  bars,  etc.,  produced  by  powder  me¬ 
tallurgy.  The  Be  powder  used  in  the  manufacture  of  such  blocks  Is  easi¬ 
ly  obtained  In  the  following  manner:  remelted  Ingots  of  the  reduced  me¬ 
tal  are  converted  to  chips  and  the  latter,  or  electrolytic  scale,  are 
pulverized  in  grinders.  Chips  obtained  in  the  fabrication  of  products 
from  blocks  are  usually  added  to  the  initial  chips,  first  thoroughly 
removing  all  impurities.  After  pulverization  the  individual  batches  of 
powder  are  thoroughly  mixed  and  tested. 

Beryllium  block  is  produced  In  various  sizes.  Small  blocks  are 
manufactured  by  pressing  the  powder  into  briquets  (under  a  pressure  of 
4000-l4,000  kg/cm  )  in  steel  pressforms  at  room  temperature  and  then 
sintering  them  at  1170-1225“.  Large  beryllium  blocks,  such  as  cylinders 
up  to  2.0  m  in  diameter  and  weighing  up  to  5  t,  are  produced  by  hot  va¬ 
cuum  pressing:  the  powder  is  poured  Into  steel  shell  molds  and  vibra¬ 
tion-compacted.  The  powder-containing  molds  are  loaded  into  steel,  car¬ 
bon,  or  graphite  pressforms  and  placed  In  vacuum  furnaces  Installed  in 
hydraulic  presses.  Pressing  is  carried  out  at  1000-1100“  and  a  pressure 
of  14-50  kg/cm  over  a  period  of  several  days.  Blocks  100  x  600  x  1300 
mm  are  the  standard  product  and  are  cut  into  smaller  blocks.  Beryllium 
blocks  serve  as  blanks  for  fabrication  of  products  by  cutting  and  as 
semifinished  products  for  pressure  working  (see  Pressure  working  of 
beryllium). 

Vacuum  sintering  of  the  powder  without  pressing  permits  production 

of  blocks  for  subsequent  extrusion.  The  equipment  used  in  this  process 
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l8  simpler.  The  powder  must  satisfy  high  requirements  with  respect  to 
chemical  and  granulometric  composition. 

Beryllium  block  Is  checked  for  chanlcal  composition,  density,  uni¬ 
form  density  both  longitudinally  and  transversely,  strength,  and  ab¬ 
sence  of  cracks  and  Internal  defects. 

The  properties  of  beryllium  block  (electrical  conductivity, 
strength,  etc.)  deteriorate  as  Its  density  decreases.  They  also  depend 
on  the  Impurity  content  and  the  coarseness  of  the  Initial  powder.  Hot- 
vacuum-pressed  beryllium  blocks  have  a  density  approximating  the  theo¬ 
retical  value  and  completely  Isotropic  properties.  Blocks  produced  by 
this  method  from  powders  with  a  grain  size  of  less  than  O.071  mm  have 
a  fine-grained,  randomly  oriented  structure  (a^  -  approximately  28  kg/ 
/am  ,  6  —  approximately  l.OJt).  Blocks  obtained  b;  cold  pressing  and 
subsequent  sintering  (cold  or  hot  grooving  when  necessary)  have  con¬ 
siderably  lower  characteristics  and  a  lower  average  density  (less  unl- 
foimly  distributed)  chan  hot-vacuum-press  d  blocks.  For  such  blocks 
ranges  up  to  22  kg/mm  and  6  up  to  0. 1^. 

Beryl.klujn  block  is  readily  cut  with  hard-alloy  tools  (high-speed 
steel  In  Bo.ne  cases). 

References ;  Atomnaya  energlya  [Atomic  Energy],  1958,  Vol.  5,  No. 

6,  pages  624-63O;  Yademyye  reaktory  (Nuclear  Reactors],  translated 
from  English,  Vol.  3»  Moscow,  1956  (materlaly  Komis,  po  atomnoy  energll 
SShA  (Materials  of  the  Atomic  Energy'  Coranlsslon,  USA]);  Berlllly  (Ber¬ 
yllium],  edited  by  D.  White  a'^j  J.  Berk,  translated  from  English,  Mos¬ 
cow,  196O;  J.  Metals,  1961,  Vol.  13,  No.  8, pages  15-22. 
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BERYLLIUM  BRONZE  -  an  alloy  of  copper  and  beryllium.  Small  quan¬ 
tities  of  nickel,  cobalt,  and  titanium  are  Incorporated  as  alloying 
elements,  but  the  properties  of  beryllium  bronze  are  governed  by  Its 
beryllium  content.  Presence  of  only  about  2^  Be  in  copper  Incx'eases  its 
strength  by  a  factor  of  5-6.  The  maximum  solubility  of  beryllium  in 
copper  is  2.1^  at  a  temperature  of  864°;  solubility  drops  with  tempera¬ 
ture,  amounting  to  0.2^  at  300°.  Beryllium,  bronzes  are  dispersion-hard¬ 
ening  alloys.  They  ha ve  a  high  plasticity  and  are  quite  soft  when 
quenched;  annealing  produces  a  high  hardness,  strength,  and  elastic 
limit  and  a  sharply  reduced  elongation.  The  structure  of  beryllium 
bronze  consists  principally  of  crystals  of  an  a-solld  solid  solution 
and  a  small  quantity  of  a  p-solld  solution.  The  strengthening  which 
occuis  during  annealing  results  from  precipitation  of  finely  dispersed 
solid  crystals  of  a  7-phase  from  the  supersaturated  a-solld  solution, 
which  is  usually  net  visible  m  croscopically.  The  7-phase  becomes  no¬ 
ticeable  (as  a  dark  border  along  the  grain  boundaries  of  the  a-phase) 
only  when  annealing  is  imoroperly  conducted  (when  overaglng  occurs). 

The  mechanical  properties  of  the  alloy  ai^  reduced  In  this  case.  The 
number  of  B-phase  crystals  present  In  the  structure  depends  cn  the 
beryllium  content.  Only  a  very  small  quantity  of  B-phase  is  found  in 
alloys  containing  1.9-2.1JJ  Be;  substantial  amounts  of  B-pl^ase  are  usual¬ 
ly  present  at  Be  contents  of  2.3^  or  more.  It  Is  necessary  to  avoid 
formation  of  large  0-phase  crystals,  which  often  separate  out  in  the 
form  of  scales,  since  this  sharply  reduces  the  mechanical  properties 
of  beryllium:  bronze  and  causes  cracking  and  elastic  fracture  under  op- 
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eratlonal  conditions.  Beryllium  bronzes  containing  from  1.7  to  2.55^  Be 
are  of  commercial  Importance  (Table  1).  A  characteristic  feature  of 
beryllium  bronze  Is  the  extreme  rapidity  with  which  phase  transfoxina- 
tlons  take  place.  Small  quantities  of  nickel  or  cobalt  retard  these 
transformations,  as  well  as  recrystalllzatlon  of  the  alloy.  Nickel  and 
cobalt  also  promote  more  uniform  distribution  of  the  B-phase.  Addition 
of  0.1-0.255^  T1  ensures  high  mechanical  characteristics  at  low  beryl¬ 
lium  contents.  Impurities  of  Iron,  silicon,  phosphorus,  and  magnesium 
have  a  negative  effect  on  the  properties  of  beryllium  bronze,  while 
lead,  bismuth,  and  antimony  are  very  detrimental,  since  they  cause 
brittleness  and  hamper  pressure  working.  Beryllium  bronze  Is  distin¬ 
guished  by  a  rare  combination  of  very  high  mechanical  (Table  3),  physi¬ 
cal  (Table  2),  and  anticorrosion  properties.  Thus,  the  corrosion  rate 
of  copper  In  salt  water  at  20*  Is  0.05  ran  per  year,  while  that  of 
quenched  and  tempei*ed  BrB2  bronze  Is  0.01  mm  per  year;  the  corrosion 
rate  of  BrB2  bronze  In  10%  aqueous  hydrochloric  acid  at  20*  Is  1.42  mm 
per  year. 


TABLE  1 

Chemical  Composition  (according  to  GOST  493-54) 
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Beryllium  bronze  Is  nonmagnetic  and  does  not  produce  sparks  on  Im¬ 
pact.  All  types  of  bronze  quenched  fror,  high  temperatures  have  a  high 
plasticity  and  old-workablllty  (Pig.  1)  and  are  strengthened  both  by 
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TABLi:  3 

Mechanical  Properties 
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I)  All  iy;  2l  state  of  material;  3)  kg/mm^;  4)  on 
basis  of  10'  cycles;  5)  kg-m/cm^;  6)  BrB2,  5;  7) 
BrB2;  8)  BrENTl,  9;  9)  BrENTl,  7;  10 )  quenched; 

II)  dispersion-hardened. 


Immediate  postquenching  annealing  and  by  postquenching  plastic  deforma¬ 
tion  (Pig.  2).  Beryllium  bixmzes  subjected  to  postquenching  coldworking 
are  strengthened  more  rapidly  and  effectively  (Fig.  3)  an<j  undergo  less 
distortion  and  oxidation  during  tempering.  Thus,  quenched  and  tempered 
BrB2  bronze  has  afi  ultimate  strength  of  125  kg/mm ;  when  It  Is  tempered 
after  quenching  arid  deformation  by  -30^  Its  =  140  kg/mm  .  The  an¬ 
nealed  material  Is  not  subject  to  dispersion  hardening  and  has  a  high 
hardness  and  brittleness.  It  must  be  held  In  the  furnace  fer  a  rather 
long  time  before  quenching.  In  order  to  ensure  cor.piete  dissolution  of 
the  phases  precipitated  during  anneal l.ng.  Strips,  sheets,  wire,  and 
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bars  shipped  to  consumer  plants  must  be  quenched  or  quenched  and  de¬ 
formed  by  30-505^.  Components  fabricated  by  stamping,  bending,  etc.,  are 
tempered  at  elevated  temperatures  to  permit  dispersion  hardening.  The 
principal  process  during  prequenching  heating  Is  dissolution  of  the 
precipitated  y- phase,  which  requires  a  sufficiently  high  temperature 
and  prolonged  holding.  However,  growth  of  the  solid-solution  grains  may 
also  occur  under  these  conditions.  A  large  grain  size  causes  a  decrease 
In  the  cyclic  strength  of  beryllium  bronze  (Fig.  4).  The  optimum  a-so- 
lld-Bclutlon  grain  size  is  15-40  p,  and  it  Is  consequently  necessary  to 
keep  careful  watch  over  prequenching  heating,  observing  the  optimum 
temperature  regime  (Table  4)  and  holding  time. 


Fig.  1.  Erlkson  extrusion  depth  of  quenched  and  deformed  sheets  of  BrB2 
bronze,  l)  Erlkson  number,  mm;  2)  thickness,  mm;  3)  quenched;  4)  cold- 
worked. 


rO  W  Sd  40 
2  ottmom,/0.  Jf 


Fig.  2.  Change  In  mechanical  properties  of  quenched  and  tempered  BrB2 
bronze  as  a  function  of  degree  of  deformation,  l)  o^,  kg/mm^;  2)  reduc¬ 
tion  In  area,  3)  after  aging;  4)  before  aging. 


Dispersion  hardening  at  higher  than  optimum  tempei’atures  and  lon¬ 
ger  than  optimum  holding  times  causes  segregation  of  coarse  particles 
of  the  Y-phase,  which  coagulates  and  thus  reduce  the  elasticity  of  the 
material  and  often  Increase  its  brittleness.  Too  low  a  tempering  tem- 
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Fig.  3*  Strength  of  BrB2  bronze  as  a  function  of  tempering  temoerature 
and  time,  l)  kg/mm2j;  2)  tempering  time,  hr;  3)  quenched;  4) 
quenched  and  cold-worked;  5)  cold-worked. 


4 


Plg.  4.  Change  In  cyclic  strength,  hysteresis,  and  grain  size  of  beryl¬ 
lium  bronze  membranes  as  a  function  of  prequenchlng-heating  time  with 
tempering  at  300°  for  1.5  hr:  l)  Furnace  temperature;  2)  metal  tempera¬ 
ture;  3)  cyclic  strength;  4)  grain  size;  5)  hysteresis,  a)  Hysteresis, 
5^;  cycles  to  fracture  (thousands);  b)  heating  time,  min;  c)  grain  size, 
mm;  d)  temperature,  °C. 


Fig.  5.  Mechanical  Proper¬ 
ties  of  BrB2  bronze  at 
hlKh  (a)  and  low  (b)  tem¬ 
peratures.  1)  a.  ,  kg/mm2; 
2)  temperature,  °C. 


perature  or  too  short  a  holding  time  makes  It  Impossible  to  realize  the 
very  high  mechanical  characteristics  Inherent  In  beryllium  bronze.  This 
bronze  Is  the  best  material  for  cx-ltlcal  springs,  spring-like  compon¬ 
ents,  and  elastic  elements  of  the  membrane  and  sylphon  type  used  In  the 
construction  of  precision  instruments.  In  addition  to  having  high  elas- 
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Technological  Properties  and  Processing  Regimes 
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ll  Alloy;  2)  casting  temperature  (“C);  3)  hot-rolling  temperature  (“C); 
4)  quenching  temperature  (“C);  5)  tempering  temperature  (®C);  6)  per¬ 
missible  cold  deformation  (J^J;  7)  moinlant;  8)  BrB2,  5;  9)  BrB2;  10) 
Br£NTl>  9;  11)  BrBNTl,  7J  12)  10^  sulfuric  acid  +  55^  potassium  dlchrom- 

ate. 


tlclty,  strength,  and  hardness,  the  materials  used  for  such  components 
must  be  stable  during  prolonged  exploitation  (e.g. ,  the  membranes  of 
critical  Instruments  should  have  a  hysteresis  of  no  more  than  0.55^). 

The  combination  of  properties  obtained  is  governed  by  the  mechanlcal- 
and  heat- treatment  methods  employed.  Beryllium  bronze  retains  sufficient 
strength  at  high  temperatures,  but  Its  strength  and  plasticity  are  en¬ 
hanced  at  low  temperatures  (Fig.  5)* 

References;  Bochvar,  A. A.,  Metallovedeniye  [Metalworking],  5th  Ed¬ 
ition,  Moscow,  1956;  Smlryagln,  A. P. ,  Promyshlennyye  tsvetnyye  metally 
1  splavy  [Commercial  Nonferrous  Metals  and  Alloys],  2nd  Edition,  Moscow, 
1956;  Svoystva  metal lov  1  splavov  [Properties  of  Metals  and  Alloys], 
Handbook  translated  from  English,  Moscow,  1949;  Richards,  T. ,  Mater¬ 
ials  and  Methods,  1950,  Vol.  31,  No.  4. 

O.Ye.  Kestner 
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BERYLLIUM  CARBIDE,  Be^O  -  is  the  chemical  compound  or  beryllium 
with  carbon.  Beryllijm  carbide  has  a  cubic  lattice  of  the  fluorite 
(CaFg)  type  with  a  lattice  constant  of  4,3^4  A.  The  color  of  the  crys¬ 
tals  depends  on  the  quantity  and  the  degree  of  dispersity  of  the  free 
carbon  and  changes  from  a  semitranslucent  yellow  to  a  metallic  gray-b 
black  one.  This  compound  is  well  able  to  moderate  neutrons  and  is 
characterized  by  a  low  capture  cross  section.  It  can  be  used  as  a 
moderator  in  high-temperature  nuclear  reactions.  Beryllium  carbide  is 
obtained  by  the  reaction  of  a  mixture  of  finely  powdered  metallic 
beryllium  with  finely  powdered  graphite,  or  of  powder  of  beryllium  ox¬ 
ide  with  lamp  black  at  2100-2200'*.  Pieces  from  beryllium  carbide  are 
prepared  by  methods  of  powder  metallurgy.  Pieces  with  a  density  of 
75-90^  of  the  theoretical  one  are  prepared  by  pressing,  using  5. 0-7. 5^ 
of  a  v;ax-like  binder  under  a  pressure  of  not  less  than  2.  5  tons/cm  and 
a  subsequent  sintering  at  1800-1900**  in  an  inert  gas  atmosphere.  Blocks 
with  a  density  of  90-95^  of  the  theoretical  values  are  obtained  by  hot 
pressing  in  graphite  molds  at  1800-2030®  under  a  pressure  of  70-350  kg/ 
/cm  in  argon  or  hydrogen  atmosphere.  The  blocks  can  be  machined  by 
grinding  with  diamond  discs  using  a  water- free  coolant  (carbon  tetra¬ 
chloride  or  kerosene). 

The  properties  of  beryllium  carbide  change  considerably  depending 
on  the  method  of  preparation  and  the  aenslty  of  tne  specimens.  The  main 
physical  and  chemical  properties  of  beryllium  carbide  are;  the  density 
(g/cm^)  determined  by  roentgenography  is  equal  to  2.44,  that  of  the  hot- 
pressed  one  (majcimum)  2.26,  and  that  of  the  sintered  one  (maximum)  2.10. 
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Melting  point  (®C):  when  heated  above  2200",  a  partial  meltln/;i 
with  simultaneous  dissociation  Is  observed.  The  free  energy  of  foma- 
tion  AP®  (2127®)  Is  7.84  kcal/mole.  c  (98^  Be^C  Is  equal  to  0.334±0.013 
cal/g‘®C  at  a  temperature  within  30-100®. 

TABLE 
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1)  Vapor  pressure  (atm);  2)  at  a  temperature  of;  3)  linear  thermal  ex¬ 
pansion  coefficient,  0*10°  (1/®C)1  4}  from  ...  t o  . . . ;  5)  heat  conduc¬ 
tion  coefficient  X  (cal/cm*  sec*  "C);  o)  0.3585*10  5  t  +  0.20793*10  ^  in 
the  temperature  range  of  300-950®;  error  of  determination  ±20j^;  X  is 
equal  to  0.0215  at  30®. 


The  electrical  resistance  of  sintered  specimens  from  unpurified 
beryllium  carbide  is  0. O63  ohm* cm  at  30®,  0.047  ohm* cm  at  425®;  in  hot 
pressed  specimen  1. 09  ohm* cm  at  65®,  and  0.047  ohm* cm  at  975*.  The 
values  change  with  the  change  in  the  content  of  free  carbon.  The  elec¬ 
trical  resistance  of  pure  beryllium  carbide  is  evidently  very  high. 

The  data  for  the  mechanical  properties  of  beryllium  carbide,  de¬ 
pending  on  the  technology  of  preparation,  the  chemical  state  and  the 
density  are  not  standardized.  The  properties  of  hot-pressed  blocks, 
however,  are  usually  considerably  higher  than  the  properties  of  sinter¬ 
ed  specimens.  The  Knoop  microhardness  of  beryllium  carbide  crystals 
lies  between  2400-2700,  which  is  higher  than  the  hardness  of  boron  car- 

p 

bide.  The  compression  strength  is;  50  kg/mm  for  pressed  and  sintered 

2 

specimens,  and  75  kg/mm  for  hot-pressed.  The  bending  strength  at  room 

2 

temperature  lies  within  5*5  and  7-0  kg/mm  and  changes  insigniflcsuitly 
when  heated  to  I3IO-I37O®.  The  normax  modulus  of  elasticity  changes,  ac- 
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cording  to  the  data  of  diverse  authors,  within  wide  li^mlts  from  9100  kg/ 
/mm  to  21,000-28,000  kg/mm'.  The  Poisson  ratio  Is  equal  to  0.1.  Beryl¬ 
lium  carbide  Is  Insignificantly  stable  against  thermal  shocks.  Plates 
of  a  spatial  beryllium  carbide  -  graphite  composition  breakdown  within 
1.5  hours  when  cooled  from  1093*  to  room  temperature.  Beryllium  carbide 
Is  not  resistant  to  moist  air  at  low  temperatures.  Beryllium  carbide 
resists  corrosion  In  moist  air  at  temperatures  of  some  hundred  degrees 
owing  to  the  formation  of  a  protective  beryllium  oxide  film.  Beryllium 
carbide  with  a  high  density  Is  well  resistant  to  corrosion  to  126o®. 

Beryllium  carbide  reacts  with  nitrogen  above  1000®,  and  with  am¬ 
monia  above  775*.  The  reaction  of  beryllium  carbide  with  diverse  re¬ 
agents  Is  listed  In  the  Table. 


TABLE 

Reaction  of  Beryllium  Carbide  with 
Diverse  Reagents 
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1)  Reagent;  2)  state;  3)  temperature;  4)  main  reaction  products;  5j  gas; 
6)  heated;  7)  the  same;  8)  does  not  react;  9)  surfaclal  effect;  10)  va¬ 
por;  111  pure;  12)  slow  reaction;  13)  solution;  13a)  very  rapid 
tion;  14)  concentrated;  15)  reaction  becomes  retarded  (the  acid  Is  re¬ 
duced  to  SO2);  16)  the  acid  is  slowly  reduced;  17)  diluted;  I8)  the  dis¬ 
solution  is  finished  after  some  hours;  19)  melted;  19a)  the  carbide  Is 
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decomposed  euid  becomes  white  hot;  20)  exidatlon  of  the  carbide;  21) 
smelt j  22)  does  not  react;  23)  the  specimens  swell  after  the  test  due 
to  hydration. 

Beryllium  carbide  Is  protected  from  atmospherical  effects  at  high 
temperatures  by  meeuis  of  special  coatings.  Platinum  coatings  and  cera¬ 
mic  silicate  glazes  protect  beryllium  carbide  efficiently  from  the  re¬ 
action  with  adr  upt  to  a  temperature  of  above  1370®  by  formation  of  a 
tightly  adherent  layer  rich  in  beryllium  oxide.  The  coating  materials 
are  applied  by  smearing  with  suspensions  in  organic  fluids  or  by  im¬ 
mersion,  and  must  be  fired  at  I500®  in  air  or  in  inert  atmosphere.  The 
toxicity  of  beryllium  carbide  is  near  to  that  of  beryllium  oxide,  there¬ 
fore,  the  working  with  it  must  be  carried  out  under  the  same  precau¬ 
tions.  Working  with  beryllium  carbide  must  be  carried  out  in  absence  of 
water  vapor.  A  storage  of  beryllium  carbide  in  glass  containers  Is  not 
allowed  owing  to  the  danger  of  hydrolysis  accompanied  by  increase  in 
volume. 

References;  Reactor  Hajridbook,  edited  by  C.  R.  Tipton,  2nd  ed. ,  Vol. 

1  -  Materials,  London,  I96O;  Yademyye  reedctory  [Nuclear  Reactors], 
translated  from  English,  Vol.  3>  Moscow,  1956  (Materials  of  the  Atomic 
Energy  Commission  of  U.  S.  ). 

N.  F.  Mironov 
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BERYLLIUM  OXIDE  -  the  higher  compound  of  beryllium  and  oxygen 
(BeO).  It  crystallizes  In  the  form  oi’  colorless  hexagonal  crystals  with 
a  wurtzlte  lattice.  The  polycrystalllne  mass  Is  white  In  color.  The 
lattice  parameters  of  this  compound  at  l8^  are  a  =  2.693  A  and  c  = 
s  4.397  k.  Its  Moos  hardness  Is  Its  crystallographic  density  Is 
3.025  g/cm^,  and  H  =  1520  kg/mm^.  It  exhibits  no  polymorphic  transfor¬ 
mations. 


Beryllium  oxide  Is  produced  commercially  by 
calcination  of  beryllium  hydroxide  or  sulfate.  The 
purest  beryllium  oxide  Is  obtained  by  pyrolysis  of 
basic  beryllium  acetate.  It  Is  used  as  a  highly 
refractory  material,  as  a  thermal -neutron  modera¬ 
tor  and  reflector  In  nuclear  reactors,  as  the  raw 
material  for  production  of  copper-beryllium  liga¬ 
tures,  and  In  the  manufacture  of  high-quality 
electrical  insulators.  It  is  distinguished  from 
other  oxides  by  Its  high  thermal  conductivity, 
which  Is  comparable  to  that  of  metals,  and  thermostability.  These  char¬ 
acteristics  are  conjoined  with  chemical  inertness.  The  properties  of 
beryllium  oxide  depend  on  its  nature  and  the  conditions  under  which  It 
Is  subjected  to  high-temperature  treatment.  The  characteristics  of 
beryllium-oxide  products  are  closely  related  to  their  density. 

Physical  characteristics:  tpj^  =  2470  +  20°,  t^j^p  =  4120  +  170°, 
latent  heat  of  fusion  -  17  +  1.4  kcal/mole,  latent  heat  of  vaporization 
-  117  +  10.5  kcal/mole,  latent  heat  of  sublimation  (at  600-3000°)  - 


1  i.mt/tmnm'C 


Comparison  of 
the  X  of  BeO 
with  the  X  of 
MgO  and  Al20^. 

1)  Cal/cm»sec‘®C; 

2)  temperature, 

°C. 
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TABLE  1 

Thermal  Conductivity  as  a 
Function  of  Specific  Qrav- 
Ity  (at  800°) 
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1)  g/cffi^;  2)  cal/oin*8ec»°C. 


TABLE  2 

Mean  Coefficient  of  Linear 
Expansion  as  a  Function  of 
Temperature 
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l)  Temperature  (°C). 


152  +  10  kcal/mole;  molar  heat  capacity  C^  at  298-I2OO®,  in  kcal/mole 
•®C: 

C^..8.45  +  4i^,— 3.17 —  • 

Bej^lllum  oxide  does  not  display  any  marked  vaporization  at  tern- 

o  — ^ 

peratures  of  up  to  2200  In  a  vacuum  of  10  mm  Hg. 

The  figure  shows  the  variation  in  thermal  conductivity  of  a  mate 
rial  with  an  assumed  porosity  of  zero. 

The  mechanical  characteristics  of  beryllium  oxide  depend  on  Its 
density,  specific  gravity,  grain  size,  and  sintering  temperature.  The 


TABLE  3 

Mechanical  Characteristics* 
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*  The  minimum  value  corre¬ 
sponds  to  a  material  with 
7  =  2.7,  while  the  others 
correspond  to  one  with  y  = 
=  2.9-3  g/cm3. 

1)  Temperature  (°C);  2) 


modulus  of  elasticity  E  Is  expressed  as  a  function  of  density  by  the 
formula  E  »  320y  -  595*  where  E  =  1«10^®  dynes/cm^  and  y  Is  In  g/cm^. 
The  shear  modulus  a  Is  1*10  kg/cm  .  Pronounced  creep  Is  detected  from 
950^  onward*  The  elongatlcxi  of  specimens  with  a  porosity  of  30$t  loaded 

p 

to  6.7  kg/om  amounts  to  {%  per  hr): 

0t  . •  ■' 

•  1  t  So* . •  .  !*!*•*“ 

•  I  joS* . *•  .  «o  I 

•  .  .  .  .  .  «  .Of 

It  Is  known  that  addition  of  Al20^«  Cao,  or  Zr02  reduces  the  creep 
of  beryllium  oxide. 


TABLE  4 

Theimostablllty  of  Certain 
Oxides  In  Heat-Exchaiige 
Tests*  (Number  of  Cycles 
to  Fracture) 
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*  Heating  to  a  predeter¬ 
mined  temperature  and 
cooling  in  a  stream  of  air 
to  room  temperature  over  a 
period  of  1  min. 

1)  Material;  2)  beryllium 
oxide;  3)  magnesium  oxide; 
4)  aluminum  oxide. 


TABLE  5 

Specific  Electrical  Resis¬ 
tance  of  Beryllium  Oxide 
(Sintered  at  2100°,  Density 

-  2.25  g/cm^) 
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t 

The  dielectric  constant  of  beryllium  oxide  (at  a  density  of  2.79 
g/cm’^)  amounts  to  6.3. 

The  chemical  composition  of  beryllium  oxide  depends  on  its  grain 
size  and  calcination  temperature.  Oxide  calcinated  at  1200^  is  soluble 
in  mineral  acids,  while  that  calcinated  at  l600^  is  soluble  only  in  hy¬ 
drofluoric  acid.  This  compound  is  soluble  in  molten  alkalis,  carbon¬ 
ates,  and  alkall-4Betal  pyrosulfates.  At  2000°  it  is  reduced  by  carton 
to  form  beryllium  carbide.  Sintered  beryllium  oxide  is  .esistant  to  the 
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TABLE  6 

Loss  of  Weight  in  BeO  as  a 
Result  of  Direct  Evapora¬ 
tion  and  Reaction  with 
Water  Vapor 
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(g/cm  );  3)  as  a  result  of 
evaporation;  4)  as  a  result 
of  reaction  with  water  vapor. 


TABLE  7 

Typical  Chemical  Composi¬ 
tion  {^)  of  Beryllium  Ox¬ 
ide 
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1)  Compound;  2)  oxide  used 
in  metallurgy;  3)  oxide 
for  refractory  materials; 
4)  oxide  oot‘»i'ied  from 
beryllium  acetate. 


action  of  hydrogen,  carbon  dioxide,  hydrogen  sulfide,  sulfur,  bromine, 
iodine,  and  ammonia  and  is  not  reduced  by  molten  lithium,  sodium,  po¬ 
tassium,  magnesium,  calcium,  or  aluminum;  however,  it  reacts  weakly 
with  niobium,  silicon,  titanium,  and  zirconium  and  strongly  with  fluor¬ 
ine  and  fluorides  at  l8CX)°  and  is  chlorinated  by  chlorine  in  the  pres¬ 
ence  of  carbon  at  temperatures  above  600°  or  by  carbon  tetrachloride. 

At  temperatures  above  1400°  it  reacts  with  Be  in  accordance  with  the 
reaction  Be  +  BeO  «  Be20  to  form  the  volatile  compound  beryllium  sub- 
oxide,  which  is  stable  at  normal  temperatures.  The  corrosion  rate  of 
beryllium  oxide  in  water  vapor  at  250  is  approximately  0.3*10 

p  “a 

mg/cm  ’hr  for  specimens  with  a  7  of  2. 7-2. 9  g/cm^. 

Beryllium  oxide  is  the  only  refractory  crucible  material  suitable 
for  melting  beryllium.  This  compound  reacts  with  water  vapor  in  accor¬ 
dance  with  the  reaction: 

The  resultant  volatile  product  decomposes  on  cooling  to  form  BeC. 

•i6c 


11-9,0-5 

The  volatility  of  BeO  Is  greatly  Increased  by  the  presence  of  water 
vapor  (Table  6). 

In  the  manufacture  of  finished  products  the  oxide  is  calcined  and 
ground  to  a  grain  size  of  no  more  than  23  4  with  a  definite  granulcoet- 
rlc  composition.  Fabrication  of  hlgh-denslty  products  from  beryllium 
oxide  presents  considerable  difficulties.  Intensive  grain  growth  Is  ob¬ 
served  during  calcination.  Finished  products  are  produced  by  dross 
casting,  hot  pressing,  and  pressing  followed  by  annealing. 

References:  White,  D.  and  Berk,  J. ,  Berlllly  [Beryllium],  trans¬ 
lated  from  English,  Moscow,  I96O;  Tresvyatskly ,  S.G.,  Cherepanov,  A.M. , 
Vysokoogneupornyye  materlaly  1  Izdellya  Iz  oklslov  [Highly  Refractory 
Materials  and  Oxide  Products],  Moscow,  1957;  Belyayev,  R.A. ,  Okls ' 
berllllya  [Beryllium  Oxide],  Moscow,  1962. 

L.A.  Izhvanov 
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BERYLLIUM  TOXICITY.  Soluble  beryllium  compounds  (beryllium  sul¬ 
fate,  fluoride,  chloride,  acetate)  are  the  most  toxic.  However,  urisolu- 
ble  compounds  and  metallic  beryllium  can  also  have  an  adverse  effect 
should  then  penetrate  the  organism  In  the  form  of  hlgh-dlsperse  dust. 
The  falling  of  beryllium  compounds  as  well  as  of  metallic  beryllium  in¬ 
to  a  skin  wound,  cut  or  lesion  can  result  in  the  development  of  sores 
which  heal  with  difficulty. 

Compact  beryllium  and  its  alloys  in  the  form  of  ingots,  billets, 
stampings,  she  ts,  bar  stock,  elements  of  designs,  etc. ,  are  not  dan¬ 
gerous  to  workers. 

When  beryllium  Is  produced  (extracted  from  ores)  and  In  metallur¬ 
gical  processes  It  Is  possible  that  soluble  beryllium  compounds  will 
affect  the  workers,  eind  also  that  they  will  be  affected  by  beryllium 
oxide  dust,  which  Is  the  most  toxic  from  among  unsoluble  compounds. 

Intensive,  highly  detrimental  escape  into  the  air  of  highly  dis¬ 
perse  dust  of  beryllium  and  its  oxides  is  possible  in  the  production  of 
metal  ceramics.  In  melting,  welding  and  soldering  of  beryllium  and  its 
alloys.  An  exception  is  low-temperature  soldering  (up  to  300°)  which  is 
not  dangerous.  All  forms  of  machining  of  beryllium  and  its  alloys  are 
also  dangerous.  Pres sure working  of  pure  beryllium  and  its  compounds  at 
t°  of  up  to  1000°  In  airtight  shells  is  not  dangerous,  since  beryllium 
dust  does  not  escape.  An  Insignificant  escape  of  dust  is  possible  only 
if  the  integrity  of  the  airtight  shell  has  been  disturbed. 

Heat  treatment  not  above  600-700°  is  also  safe.  Certain  processes 
for  processing  alloys  with  a  20-305»5  beryllium  are  not  dangerous  even 
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vd.thout  airtight  shell  protection.  These  processes  Include  hot  rolling, 
stamping,  pressing,  upsetting,  etc.,  heat  treatment,  cold  rolling,  cut¬ 
ting  with  shears,  etc. 

The  production  and  processing  of  alloys  with  a  low  (l-2J^)  berylli¬ 
um  content,  with  the  exception  of  welding,  are  not  accompanied  by  air 
contamination. 

All  the  production  processes  which  result  In  air  contemlnatlon 
should  be  performed  In  Isolated  premises;  when  these  are  equipped,  pro¬ 
vision  should  be  made  for  the  possibility  of  dally  washing.  Walls,  pro¬ 
tective  hoods  and  the  celling  should  be  painted  with  oil  paint,  and  the 
floor  should  be  paved  with  large -size  ceramic  tile  or  marble  chips.  The 
communications  should  be  concealed  In  the  walls  of  the  premises.  All 
the  equipment  should  be  provided  with  protective  hoods  equipped  with 
exhaust  ventilation  facilities.  The  air  motion  velocity  In  the  working 
holes  of  the  protective  hoods  should  be  at  least  1.5  m/sec.  A  vacuum  of 
at  least  20  mm  of  water  should  be  maintained  In  the  isolated  premises. 
The  premises  are  equipped  with  total -air-replacement  suction  exhaust 
ventilation.  All  the  air  removed  from  these  premises  Is  subjected  to 
two-stage  purification  before  being  exhausted  to  the  atmosphere. 

Tlie  production  sections  should  be  provided  with  toilet  and  comfort 
facilities  modeled  after  a  sanitary  check  point,  with  separate  storage 
of  personal  and  work  clothing. 

All  the  premises  are  checked  for  the  beryllium  and  beryllium  com¬ 
pound  content  In  their  atmosphere.  The  limiting  permissible  concentra- 
tlon  of  the  above  comprises  0.001  mg/m'^.  Continuous  automatic  recording 
of  the  beryllium  content  by  automatic  recording  devices  Is  most  ration¬ 
al.  Workers  employed  In  the  Isolated  premises  should  use  r-esplrators , 
which  protect  the  respiratory  system  from  penetration  by  beryllium  and 
its  compounds.  Hose  or  insulating  gas  masks  au?e  used  for  protection 
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from  beryllium  compound  vapor  emd  gas  penetration.  When  the  dust  con¬ 
centration  In  the  air  Is  higher  than  20-30  mg/m^  the  use  of  gas  masks 
Is  not  effective,  since  they  are  rapidly  stopped  up  and  highly  inter¬ 
fere  with  breathing.  The  use  of  helmets  or  pressurized  suits  with  a 
pure  air  supply  is  recommended  in  these  cases. 

Each  enterprise  which  Is  Involved  In  the  processing  and  produc¬ 
tion  of  beryllium  and  Its  alloys  should  be  provided  with  Instructions 
on  preventing  the  contamination  of  the  air  of  the  production  premises 
and  individual  protection  of  workers. 

All  those  who  work  with  beryllium  and  its  compounds  should  pass  a 
medical  examination  at  least  once  in  6  months. 

If  all  the  above  preventive  measures  are  taken  the  danger  of  occu¬ 
pational  disease  Is  eliminated. 

D.M.  Bobrishchev-Pushkln,  K.  P.  Yatsenko 
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BEHyLLIZATION  OP  STEEL  -  superficial  impregnation  of  steel  with 
beryllium  in  order  to  increase  its  high-temperature  oxidation  resis¬ 
tance  at  800-1100*  or  more.  This  process  usually  provides  better  oxida¬ 
tion  resistance  than  lithium  plating  and  is  used  for  many  alloys  and 
metals  other  than  steel.  Beryllization  is  carried  out  with  powdered 
mixtures  consisting  of  995^  Be  (or  ferroberylllum)  and  IjK  NH^^Cl  or  75^ 

Be  (or  ferroberylllum),  AlgO^,  and  1^  NHj^Cl.  The  process  tempera¬ 
ture  is  95O-IO5O*’  and  the  holding  time  4-10  hr.  Holding  at  1050“  for 
4  hr  produces  a  berylllzed  layer  0.2  mm  thick  with  a  hardness  of  from 
1000  HV  (StlO)  to  1200  HV  (St45).  Ferric  beryllide,  PeBCg  (St 10),  or 
beryllium  carbide,  BCgC  (high-carbon  steel),  is  formed  in  the  outer 
zone  of  the  berylllzed  layer.  Methods  have  also  been  developed  for 
beryllization  of  steel  In  a  gaseous  medium  (HCl)  and  in  vacuum  furnaces. 
The  applications  of  this  process  are  limited,  since  beryllium  is  costly 
and  also  highly  toxic. 


A.N.  Minkevlch 
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BESHTAUNITE  -  see  Natural  acid-resistant  materials. 


^66 


I-l8b 


BETA-BRASS  -  brass  containing  from  45  to  49J^  Zn  and,  when  annealed, 
having  the  structure  of  a  copper-zinc  p-ph^se.  This  metal  has  low  plas¬ 
ticity  when  cold  and  high  plasticity  when  hot.  Manganese,  aluminum,  and 
iron  are  added  to  beta-brass  to  improve  Its  mechanical  properties. 

Thus,  for  example,  an  alloy  consisting  of  52?^  Cu,  Mn,  2%  Al,  IJ^  Pe, 

O 

and  the  remainder  zinc  has  an  ultimate  strength  of  65  kg/mm  and  a  rel¬ 
ative  elongation  of  275^.  Beta-brass  has  not  been  standardized. 

Ye.S.  Shplchlnetskiy 
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BEZTA-TITANXUM  —  see  Alpha- 1  Itanium . 
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BETATRON  -  a  cyclic  Induction  electron  accelerator,  whose  action 
Is  based  on  use  of  a  vortical  electric  field  set  up  by  an  alternating 
magnetic  flux.  Structurally,  the  betatron  takes  the  form  of  a  "radial 
transformer,"  where  the  role  of  the  secondary  winding  Is  played  by  a 
toroidal  vacuum  chamber  In  which  the  electrons  are  accelerated  as  they 
move  along  a  circular  orbit.  Stable  electron  movement  Is  ensured  by 

magnetic  focusing,  which  Is  accomplished  by 
appropriate  distribution  of  the  magnetic 
field  In  the  orbital  region.  The  primary 
winding  of  the  betatron  Is  usually  supplied 
with  commerclal-fr*equenty  alternating  current 
acceleration  takes  place  over  1/4  of  each 
period.  At  the  end  of  each  acceleration  cycle 
the  beam  of  accelerated  electrons  can  be 

t!ororthlclc^obJ«ti  withdrawn  from  the  vacuum  chamber  through  a 
ilm^thlclc^  ^00-500  window  or  directed  at  a  metal  target  within 

the  chamber.  Deceleration  of  the  electrons  in 


the  target  produces  x-radlatlon,  which  Is  used  for  transmissive  defec¬ 
toscopy  of  metal  objects.  For  defectoscoplc  purposes  the  electrons  are 
accelerated  to  energies  of  20-30  mev,  so  that  the  penetrating  power  of 
betatron  x-radlatlon,  whose  quanta  have  an  energy  of  the  same  order  of 
magnitude.  Is  substantially  higher  than  that  of  the  radiation  produced 
by  ordinary  x-ray  tubes  (whose  quanta  have  an  energy  of  the  oixJer  of 
several  hundred  kev)  or  ganma-radloactlve  Isotopes  (whose  quanta  have 
an  energy  of  less  than  I.5  mev).  The  betatron  can  be  used  for  defectos- 
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copy  of  very  thick  (up  to  500-600  mm)  steel  and  cast-iron  objects, 
which  cannot  be  done  with  Industrial  x-ray  equipment.  The  technique  of 
betatron  defectoscopy  Is  analogous  to  that  of  X-ray  defectoscopy  and 
Gamma-defectoscopy ;  fluorescent  magnifying  screens  and  lead  foil  2-3  mm 
thick  are  used  to  reduce  the  exposure  time  and  Increase  sensitivity. 

The  relative  sensitivity  of  the  betatron  In  defectoscopy  of  objects 
200-450  mm  thick  Is  2-1. 5J^  of  the  thickness  of  the  object,  so  that  de¬ 
fects  with  diameters  of  4-7  mm  can  be  detected.  Devices  known  as  "ster¬ 
eobetatrons,"  udilch  have  two  radiation  beams  at  an  angle  to  one  another, 
have  been  designed.  Defectoscopy  with  an  apparatus  of  this  type  permits 
both  detection  of  defects  and  determination  of  their  depth  within  the 
object.  Wide  commercial  use  of  the  betatron  Is  prevented  by  Its  com¬ 
plexity  and  cost  and  the  difficulty  of  providing  biological  radiation 
shielding. 

L. K.  Tatochenko 


BICYCLE  TIRE-THREAD  FABRIC  -  see  Cord  fabric 
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BIOLOOICAL  RESISTANCE  -  the  resistance  of  materials,  objects,  and 
assemblages  to  damage  caused  by  various  plants  (principally  fungi  and 
bacteria)  and  animals  (insects,  mollusks,  crustaceans,  and  mammals). 

Detrimental  fungi  and  bacteria  are  lower  plants  lacking  the  green 
pigment  chlorophyll; In  contrast  to  green  plants,  they  do  not  assimilate 
carbon  from  the  atmosphere  and  feed  on  ready-synthesized  organic  sub¬ 
stances  of  vegetable  or  animal  origin.  Bacteria  damage  materials  of 
both  animal  (e.g.,  albumin  and  casein  glues)  and  vegetable  (e.g.,  na¬ 
tural  rubber)  origin.  Fungi  destroy  materials  of  animal  and  vegetable 
origin  (paper,  wood,  textiles,  and  other  materials);  the  products  of 
their  vital  activity  (principally  certain  organic  acids)  are  damaging 
to  some  materials  not  containing  organic  compounds  (metals,  silicate 
glasses,  etc.).  Materials  are  protected  against  fungal  damage  (given 
mycologlcal  resistance)  by  preservation  with  antiseptics  poisonous  to 
fungi,  su''h  as  fluorine,  copper,  mercury,  tin,  phenol,  etc.,  compounds. 
Depending  on  operating  conditions,  the  materials  are  treated  with  anti¬ 
septics  by  Impregnation  or  by  application  of  a  superficial  coating. 
Rubber,  lacquers,  and  paints  are  protected  by  Introducing  antiseptics 
directly  Into  the  material  Itself. 

Among  animals  great  damage  to  various  nonmetalllc  materials,  es¬ 
pecially  wood  and  wood  products,  is  caused  by  Insects  (various  beetles, 
termites,  ants,  etc.).  The  best  method  for  protecting  wood  against  In¬ 
sect  damage  Is  treatment  with  antiseptics  (insecticides);  In  same  cases 
the  Insects  are  killed  by  injecting  Insecticides  Into  the  holes  which 
they  have  made.  Arsenic  compounds,  chlorinated  phenols,  DDT,  etc.,  are 
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used  as  antiseptics.  Fumigation  with  poisonous  gases  Is  employed  to 
kill  Insects  In  furniture.  Wool,  felt,  and  rubber  are  damaged  by  moths, 
prevention  of  which  Is  basically  a  sanitary-prophylactic  problem.  Wool¬ 
en  materials  can  be  made  moth- resistant  by  application  of  naphthalene, 
formulas  based  on  DDT,  etc.  Rodents,  especially  rats  and  mice,  cause  a 
great  deal  of  deimage  to  plant  and  animal  materials;  they  are  killed 
with  poisoned  bait.  In  some  cases  free-living  animals  are  killed  by 
fumigation  of  their  burrows  and  tunnels  with  poison  gases.  Materials 
and  products  used  In  water,  especially  salt  water,  are  also  damaged  by 
various  organisms.  In  the  oceans  (principally  In  the  south)  these  are 
the  so-called  marine  borers  (mollusks  and  shlpworms)  and  organisms 
which  cause  overgrowth.  Marine  borers  bore  tunnels  In  wood,  greatly 
weakening  It  and  making  It  completely  unusable.  The  i*ate  at  which  the 
wood  Is  weakened  depends  on  the  species  of  borer,  the  type  of  wood,  the 
extent  of  the  Infestation,  the  temperature  and  salinity  of  the  water, 
etc.  The  most  radical  method  for  protecting  wood  against  borera  Is  to 
Impregnate  It  with  Insoluble  antiseptics;  substances  such  as  creosote 
oil  give  good  results.  The  organisms  which  cause  overgrowth  (these  oc¬ 
cur  widely  In  both  southern  and  northern  seas)  Include  a  number  of  types 
of  animals  (cjcustaceans,  sponges,  mollusks,  etc.)  and  plants  (algae) 
that  use  metallic  and  nonnetalllc  surfaces  as  a  substrate  for  attach¬ 
ment.  Ships  and  hydroplanes  are  subject  to  the  greatest  damage.  Consid¬ 
erable  Injury  Is  caused  by  the  crustacean  known  as  the  barnacle,  which 
covers  the  surface  of  the  material  to  which  It  attaches  with  dense  cal- 
cer*eoua  format  Iona  difficult  to  remove.  Overgrowth  weighs  down  an  ob¬ 
ject,  dlarapta  normal  gliding,  damages  lacquers  arxJ  paints,  and  inten¬ 
sifies  the  corrosion  of  metals.  The  overgrowth  rate  depends  on  the  hy- 
dix)loglcal  conditions  of  the  body  of  water:  the  temperature  and  salin¬ 
ity  of  the  water  and  the  species  composition  cf  its  population.  The 
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principal  preventive  mesGure  is  to  coat  the  material  with  an  overgrowth- 
resistant  paint  (see  Overgrowth-resistant  paints).  Techniques  have  been 
developed  for  preventing  overgrowth  with  ultrashort  waves.  Biological 
resistance  of  materials  and  biological  sterility  of  flight  equipment  is 

important  in  astronautics. 

/ 
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BITUMINOUS  MATERIAIB  —  mixtures  of  natural  and  petroleum  bitumens 
with  various  materials  (asbestos-bitumen  mixtures,  rubber-bitumen  mix¬ 
tures,  asphalt  compositions,  etc.)*  Bitumens  vary  In  origin  and  In  the 
methods  by  which  plastic  solids  or  viscous  liquids  are  produced;  they 
are  complex  mixtures  of  carbohydrates  and  their  polymerization  and  oxi¬ 
dation  products.  Bitumens  are  divided  into  two  categories:  l)  natural 
(mineral)  -  asphaltltes  (the  most  pure),  asphalts  (with  substantial 
mineral  Impurities),  and  asphaltic  rocks  (asphaltic  sandstones  and 
limestones  conralnlng  8-30JS  and  3-255^  bitumen  respectively);  2)  artifi¬ 
cial  (petroleum)  —  heavy  products  of  the  distillation  of  petroleum  and 
Its  products,  or  pitches.  At  low  temperatures  bitumens  are  brittle  and 
lustrous  and  exhibit  concholdal  fracture.  They  are  highly  soluble  in 
benzene,  toluol,  chloroform,  carbon  tetrachloride,  carbon  bisulfide, 
etc.,  and  insoluble  in  water  and  alcohol.  They  are  sufficiently  resis¬ 
tant  to  acids  and  alkalies.  Bitumens  are  distinguished  by  high  hydro- 
phoblcity,  have  a  negligible  hygroscoplcity,  and  are  Impermeable  to  wa¬ 
ter  In  thick  layers.  Their  resistance  to  oils  is  low;  mineral  oils  li¬ 
quefy  them  and  reduce  their  solidification  capacity,  but  improve  their 
solubility.  They  are  miscible  with  vegetable  oils,  partially  or  com¬ 
pletely  dissolving  when  heated.  Bitumens  are  weakly  polar  substances 
with  high  dielectric  characteristics,  a  dielectric-loss-angle  tangent 
of  0.005,  a  specific  electrical  resistance  of  lO^^-lO^^  ohms^cm,  and  an 
electric  strength  of  100-300  kv/cm.  They  are  easily  ignited  (their 
kindling  temperature  is  no  less  than  180-200®)  and  bum  with  a  smoky 

flame.  Depending  on  the  deposit  and  the  method  and  degree  of  concentra- 
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tion,  the  softening  temperature  of  natural  and  artificial  bituirienr.  lleo 
between  15  and  150“.  Natural  bitumens  are  obtained  by  treating  the  rock 
with  boiling  water  or  by  extraction  with  organic  solvents  (e.g. ,  dl- 
chloroethane).  Petroleum  wastes  from  which  no  final  product  can  be  ob¬ 
tained  are  subjected  to  aeration  at  260-280“  in  a  special  apparatus  for 
several  hours  (oxidized  bitumens).  The  residual  bitumens  have  a  lower 
thermal  resistance  than  oxidized  bitumens,  but  combine  high  viscosity 
with  a  higher  plasticity. 

Natural  and  artificial  bitumens  have  a  wide  range  of  hardnesses. 
Bitumens  are  a  constituent  of  various  bituminous  materials  (lacquers, 
paints,  electrical-insulating  materials,  etc. )  fabricated  from  cloth, 
cardboard,  paper,  powders,  etc.  Bitumens  are  employed  as  binders,  as 
insulating  substances  (to  water,  steam,  gases,  temperature,  electric 
currents,  sound,  and  shock),  to  impart  chemical  resistance  to  salts, 
alkalies,  acids,  and  etching  agents,  and  as  stains  or  dyes.  Addition  of 
mineral  fillers  to  bitumens  increases  their  hardness,  softening  temper-, 
ature,  and  resistance  to  atmospheric  factors.  Their  low  cost  and  valu¬ 
able  technological  properties  have  resulted  in  the  wide  use  of  bitumin¬ 
ous  materials  in  many  branches  of  industry.  Bituminous  Rubrax  is  used 
in  the  rubber  industry,  as  a  softener  in  the  leather-substitutes  in¬ 
dustry,  and  as  a  lubricant  for  the  hot  necks  of  rolling-mill  rollers  in 
the  metallurgical  industry.  A  special  petroleum  bitumen  is  used  as  the 
sealing  mastic  for  storage  batteries.  The  housings  of  the  cells  of  acid 
storage  batteries  used  in  radio  receivers  and  as  starter  batteries  are 
hot-pressed  from  asphalt-lac  materials. 

Ruberold  (GOST  2165-51)  —  a  material  based  on  glass  or  fiberglass 
cloth.  As  a  result  of  its  strong  base,  which  does  not  rot  and  is  not 
damaged  by  microorganisms,  this  material  has  high  operational  charac- 

p 

terlstlcs:  a  tearing  resistance  of  from  20  to  100-150  kg/cm  ,  a  water 

^76 


I-24b2 

absorption  of  no  more  than  0.3-5^,  and  a  usable  glass-cloth  thickness 
of  0.06-1.4  nun.  It  Is  used  to  protect  metal  subterranean  piping  from 
water  damage. 

Gldroizol  —  a  roll  waterproofing  material  manufactured  from  asbes¬ 
tos  board  Impregnated  with  bitumen.  It  is  fireproof  and  more  expensive 
than  asphalt  board;  it  is  used  for  multilayer  waterproofing. 

Borulln  -  a  roll  waterproofing  material  manufactured  by  mixing  as¬ 
bestos  fiber  and  heated  bitumen  on  rollers  and  then  rolling  the  mixture. 
It  Is  a  plastic  waterproof  material  with  a  softening  temperature  of 
150®,  but  has  a  low  tensile  strength.  It  is  used  for  waterproofing 
heating  pipes. 

Ground  unreclalmable  automobile  tires  and  bitumens  are  used  In 
the  manufacture  of  Insulating  materials,  the  mastic  "Izol"  and  the  roll 
material  "Brlzol."  Brlzol  does  not  crack  on  repeated  I80®  bending.  Thl 
material  Is  Intended  for  corrosion  protection  of  subterranean  metal 
piping.  Oil-free  bitumen  blacks,  which  have  considerable  water  resis¬ 
tance,  are  used  for  underwater  paints.  Addition  of  vegetable  oils,  na¬ 
tural  and  synthetic  resins,  and  a  filler  (powdered  aluminum)  to  bitumen 
lacs  considerably  Improves  the  atmosphere-  and  llght-reslstance  of 
those  used  for  protection  of  metal  components  (of  automobiles  and  agri¬ 
cultural  machinery)  from  atmospheric  corrosion.  Bitumen  lacs  have  been 
used  as  a  basis  for  dark-colored  printing  Inks  and  artists'  colors.  Hot 
molten  bitumen  Is  used  for  corrosion  protection  of  gas-dlstributlon 
pipes.  Bituminous  materials  are  used  as  sealers,  compounding  agents, 
cements,  and  electrically  Insulating  impregnation  lacquers  In  the  elec¬ 
tronics  Industry. 

References:  Kreytser,  G.D. ,  Asfal'ty,  bltumy  1  pekl  [Asphalts,  Bl- 
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tumens,  and  Pitches],  3rd  Edition,  Moscow,  1952. 


E. G.  Gachnlkov 
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BLUE  BRITTLENESS  OP  STEEL  —  a  decrease  In  the  plasticity  of  steel 
under  static  loading  at  temperatures  which  cause  blue  Irrldescence 
(approximately  300®).  Under  dynamic  loading  the  embrittlement  tempera¬ 
ture  shifts  to  500-550®. 

References:  Pogodlna-Alekseyeva,  K.M. ,  Pogodln-Alekseyev,  G.I., 

ZL  [Indl.  Lab.],  1958,  Vol.  24,  No.  2. 

Ya.M.  Potak 
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BLUING  OF  STEEL  (oxidizing,  blackening,  bluing)  -  obtaining  on  the 
surface  of  steels,  predominantly  carbon  and  low-alloy,  a  chemical  coat¬ 
ing  consisting  of  oxides  such  as  Fe^O^,  etc. 

Bluing  of  steel  practically  does  not  change  the  dimensions  and  the 
mechanical  properties  of  components.  It  is  used  for  decorative  finishes 
and  corrosion  protection  of  components  with  small  dimensional  tolerances 
(Instrument  components,  springs,  tools,  etc. );  for  increasing  the  cor¬ 
rosion  resistance  of  a  surface  after  bluing  it  is  covered  by  a  grease 
or  lacquer. 

The  b  ,ued  component  is  colored  in  various  shades  of  black;  lus¬ 
trous  on  pollshea  and  matted  on  rough  surfaces.  The  coating  thickness 
is  1-5  microns.  The  coating  structure  is  fine  crystalline,  microporous. 
The  coating  has  a  high  elasticity,  abrasion  resistance  and  electric 
insulation  properties. 

Alkaline  bluing  is  treatment  of  a  component  in  alkaline  solutions 
with  oxidizers,  for  example,  NaOH  (750g/llter),  NaNO^  (150  g/llter), 
NaNOg  (75  g/llter),  NaCN  (3  g/llter).  The  standard  temperature  is  137- 
142*  and  the  process  duration  is  40-90  minutes.  Bluing  by  oxidation  is 
performed  in  a  solution  of  Ba(N02)2  (40-50  g/liter),  H^PO^  (specific 
weight  1.55^  3*5  g/llter)  at  98-100®  for  20-30  minutes.  Bluing  can  also 
be  performed  by  using  solutions  containing  oxidizing  substances;  in 
this  case  the  solution  is  applied  to  the  component's  surface,  is  allow¬ 
ed  to  react  with  the  metal,  and  then  the  excess  of  the  reaction  products 
("rust")  is  removed;  this  process  is  repeated  several  times.  Heat  treat¬ 
ment  methods  of  bluing  consist  in  heating  the  components  in  muffles, 
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retorts  or  Inert  media  (coal,  sand,  chalk)  with  a  limited  air  access  at 
25O-350*  for  several  minutes.  It  is  also  possible  to  perform  this  treat¬ 
ment  without  air  access  in  a  superheated  steam  atmosphere  at  990*  for 
3O-60  minutes;  this  method  is  used  to  protect  cutting  tools  from  corro¬ 
sion  and  to  Increase  their  serviceability. 

References:  Korrozia  1  zashlta  metallov  [Corrosion  and  Protection 
of  Metals].  Part  4-  Layner,  V.  I.  and  Shvyryayev,  G.  K. ,  Metalllcheskiye 
pokrytiya,  elektrokhimlcheskaya  1  khlmlcheskaya  obtabotka  metallov 
[Metal  Coatings,  Electrochemical  and  Chemical  Treatment  of  Metals]. 
Moscow,  I95I;  Badal’yan,  G. M. ,  Zashchlta  metallov  fosfatnyml  1  oklsnyml 
plenkaml  [Protecting  Metals  by  Riosphate  and  Oxide  Films].  [Leningrad], 
1952;  Spravochnlk  po  zashchitno-dekoratlvenym  pokrytiyam  [Handbook  of 
Protective  and  Decorative  Coatings].  Moscow- Leningrad,  1951- 
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BOILER  STEEL  is  the  steel  for  components  of  boiler  Installations 
which  operate  at  elevated  temperatures  in  contact  with  water  and  steam 
media.  Boiler  steel  is  required  to  satisfy  the  characteristics  of  heat 
resistance,  including  resistance  to  creep  and  stress -rupture;  plastici¬ 
ty  under  conditions  of  long-term  loading;  stability  to  scale  formation, 
water  and  steam  corrosion.;  stability  of  the  properties  at  a  given  tem¬ 
perature  (for  fittings);  stability  under  repeated  loadings;  low  tenden¬ 
cy  to  aging,  graphltlzatlon  and  spheroldlzatlon.  In  the  selection  of 
the  grade  of  boiler  steel,  account  Is  usually  taken  of  the  conditions 
under  which  the  corresponding  components  must  operate:  temperature, 
stress,  service  life  and  permissible  deformation  during  this  life. 

Depending  on  the  operating  conditions,  use  is  made  of  carbon  steel, 
low-alloy  steel,  alloy  steel  of  the  perlltlc  and  austenitic  classes  for 
boiler  steel.  For  the  application  of  sheet  boiler  steel  for  elements  of 
steam  boilers  see  GOST  5520-62,  38O-6O;  for  tubes  In  boiler  construc¬ 
tion  see  GOST  8731-58,  8738-58,  ChMTU  (Ferrous  Metal  Specs.)  2579-5^, 
2580-5^,  GOST  1753-53*  For  the  characteristic  of  the  sheet  steels  VSt2, 
VSt3,  St2,  St3  see  Construction  Steel. 

Widest  use  Is  made  of  the  carbon  steels  15K  and  20K,  and  recently 
the  high-strength  steels  (low-alloy)  09G2S(M),  10G2S1(MK)  and  ibQSfZN) 
which  are  less  prone  to  hot  brittleness  and  loss  of  strength  after 
long-term  heating;  the  chemical  composition  of  the  boiler  steels  of 
these  grades  Is  shown  In  Table  1  and  the  mechanical  properties  In  Ta¬ 
bles  2  and  3* 

The  low-carbon  and  low-alloy  steels  are  melted  In  open  hearth  fur- 
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nacea  and  delivered  In  the  hot-rolled  condition,  heat  treatment  (nor¬ 
malization  or  normalization  with  tempering)  Is  performed  on  request  of 
the  user. 


TABLE  1 

Chemical  Composition  of  Carbon  and  Low-Alloy  Boiler  Steel 
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TABLE  2 

Mechanical  Properties  of  Carbon  Boiler  Steel 
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TABLE  3 

Mechanical  Properties  of  Low-Alloy  Boiler  Steel  (not 
less  than) 
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TABLE  4 

Chemical  Composition  of  Boiler  Steel  for  Pipes 
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TABLE  5 

Mechanical  Properties  of  Boiler  Steel  for  Pipes  (ChMTU 
2579-54)* 
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TABLE  6 

Mechanical  Properties  of  Boiler  Steel  for  Pipes  (ChMTU 
2580-54)^ 
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1.  Per  pipes  with  outside  diameter  114-428  mm  and  wall 
thickness  7-80  rr.  steel  of  ail  grades  Is  net 

less  than  0.5  3  Values  of  cj^  for  longitudinal  and 

lateral  specimens  coincide;  Kumeratcr  Ic  value  fer 
longitudinal  and  denominator  ir  value  for  lateral  speci¬ 
mens. 

5)  Mech^fcal  properties^;  6)  steel;  7)  (kg,/mm')^;  3) 
(kgm/cm^)*^. 
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The  15K  and  20K  steels  are  delivered  In  sheets  of  thickness  from 
4  to  60  mm,  the  low-alloy  steel  Is  delivered  In  sheets  from  4  to  l60  ram 
thick.  On  request  of  the  user  a  determination  Is  made  of  the  yield 
strength  at  elevated  temperatures  (320®);  the  yield  strength  for  sheets 
60  ram  and  more  thick  from  the  09G2S(M)  steel  must  be  no  less  than  18 
kg/mm  ,  and  for  the  10Q2Sl(MK)  steel  It  must  be  no  less  than  23  kg/mm  . 
Figure  1  shows  the  variation  of  the  mechanical  properties  of  the  15K 
and  20K  steels  as  a  function  of  temperature.  The  stress-rupture  limit 
1  (after  100,000  hours)  and  creep  limit  2  (IJ^  after  100,000  hours)  for 
these  same  steels  at  various  temperatures  are  shown  In  Fig.  2.  Figure  3 
shows  the  variation  of  the  stress -rupture  (after  100,000  hours)  for 
various  temperatures  of  the  low-alloy  steel  160S(ZN)  (curve  1)  and  for 
09G2S(M)  (curve  2).  The  chemical  composition  and  mechanical  properties 
of  holler  steel  for  pipes  used  In  boiler  construction  are  shown  in  Ta¬ 
bles  4,  5,  6.  The  variation  of  the  stress -rupture  and  creep  limit  for 
certain  grades  of  alloy  bolle..  >.t?els  as  a  function  of  temperature  are 
shown  In  Figures  4-7- 


Pig.  1.  1)  oo.2» 
Ob  kg/mra‘^: 

kgm/cm2;  2) 

temp.  C. 


Fig.  2.  2 
Ij  0,  kg/ram  ; 
2)  temp.  *C. 


Fig.  3-  2 

1)  Of  kg/mm 

2)  temp.  *C. 
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Pig.  4.  Stress -rupture  limit  after  100,000  hours  (l)  and  creep  limit 
for  after  100,000  hours  (2)  for  16m  steel.  A)  a,  kg/mm^;  B)  temp.  °C 


Fig.  5*  Stress -rupture  limit  after  100,000  hours  (l)  and  creep  limit 
for  1^  after  100,000  hours  (2)  for  12Mkh  steel.  A)  o,  kg/mm^;  3)  temp. 

“p 
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Pig.  6.  Stress -rupture  limit  after  100,000  hours  (1)  and  creep  limit 
for  1%  after  100,000  hours  (2)  for  5KhM  steel.  A)  o,  kg/mm^;  b)  temp. 


P  Jettr'-pQ.  *C 


Fig.  7«  Stress -rupture  limit  after  100,000  hours  (l)  and  creep  limit 
for  1^  after  100,000  hours  (2)  for  12KhMF  steel.  A)  a,  kg/inm2;  B)  temp. 

C  • 


References;  Liberman  L.Ya.,  Peyslkhls  M.I.,  Spravochnlk  po  svoy- 
stvam  Staley,  prlraenyayemykh  v  kotloturbostroyenli  [Handbook  on  Proper¬ 
ties  of  Steels  Used  in  Boiler  and  Turbine  Construction],  2nd  ed. ,  M. -L. 
1958;  Spravochnlk  po  kotlonadzoru  [Handbook  on  Boiler  Inspection],  ed. 
by  M. P.  Morozov,  3rd  ed.  ,  M. -L. ,  196I;  Prldantsev  M.V. ,  Lanskaya  K.A., 
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Stall  dlya  kotlostroyenlya  [Steels  for  Boiler  Design],  M. ,  1959;  Lari¬ 
chev  V.A.,  Kachestvennyye  stall  dlya  sovremennykh  kotel'nykh  ustanovok 
[High-Quality  Steels  for  Modein  Boiler  Installations],  M. -L. ,  1951* 

E.  Sh.  Volokhnyanskaya 
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BORIDES  --  compounds  of  boron  and  metals  formed  at  high  tempera¬ 
tures. 

The  borides  of  hlgh-meltlng  metals  (titanium,  zirconium,  hafnium, 
vanadium,  niobium,  tantalum,  chromium,  molybdenum,  tungsten)  are  metal¬ 
line  phases.  The  bonds  between  the  metal  and  boron  atoms  are  metallic 
in  character.  This  explains  the  fact  that  borides  have  approximately 
the  same  electrical  resistance  as  metals  and,  just  as  metals,  have  a 
constant  ratio  of  electrical  conductivity  to  thermal  conductivity. 

These  compounds  are  distinguished  by  high  melting  points,  high  hardness, 
the  ability  of  certain  of  them  to  become  superconductive,  etc. 

Of  the  many  boride  phases  based  on  high-melting  transition  metals 
and  the  rare  earths.  Tables  1  and  2  show  the  properties  of  the  dlbor- 
Ides  of  the  aforementioned  metals  (MeBg^  and  the  hexaborldes  of  the 
rare-earth  metals  (MeBg).  These  boride  phases  are  the  most  stable  and 
the  most  widely  used  in  engineering.  Monoborides  (MeB),  tetraborides 
(MeB^i),  etc.,  have  a  lower  thermal  resistance,  are  less  strong,  and  are 
rarely  used  in  engineering. 

High-melting  borides  of  the  alkaline-earth  metals  (calcium,  stron¬ 
tium,  and  barium)  are  also  known.  Zinc,  cadmium,  gold,  silver,  mercury, 
gallium.  Indium,  thallium,  lead,  and  tin  do  not  form  borides.  Copper 
forms  borides  with  difficulty. 

The  borides  of  high-melting  metals  are  stable  when  heated  to  high 
temperatures  (2000-2500°)  In  contact  with  graphite. 

The  borides  of  chromium,  tungsten,  and  molybdenum  are  poorly  wet¬ 
ted  by  molten  pig  iron,  while  those  of  zirconium  remain  completely  un- 
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wetted  by  molten  pig  iron  or  steel.  The  borides  of  titanium,  chromium, 
and  zirconium  are  stable  in  contact  with  molten  aluminum,  while  molten 
silicon  does  not  react  with  the  borides  of  zirconium.  Many  metalline 
borides  are  highly  refractory,  are  poorly  wetted  by  molten  salts  and 
alkalies,  and  are  rather  resistant  to  weakly  acid  and  certain  aggres¬ 
sive  gaseous  media. 

All  borides  are  distinguished  by  high  stability  in  vacuo  at  high 
temperatures.  The  borides  of  high-melting  metals  (titanium,  zirconium, 
etc.)  have  high  electrical  conductivities,  sometimes  exceeding  those  of 
the  corresponding  metals,  and  rather  high  thermoelectric  characteris¬ 
tics;  those  of  the  rare-earth  metals  have  high  thermoemlssive  charcter- 
Istlcs. 


TABLE  1 


Properties  of  Borides  of  High-Melting  Metals 
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chromium  boride;  9)  molybdenum  boride;  10)  tungsten  boride;  11)  molecu- 
lar_welght;  12)  boron  content;  13)  atom-J^;  14)  by  weight;  15)  y  (g/ 
/cm-J);  l6)  heat  of  formation  at  298®K  (kcal/taole);  17)  entropy  of  for¬ 
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The  data  on  the  strength  characteristics  of  borides,  especially  at 
high  temperatures,  are  extremely  limited.  Ey  way  of  example.  Table  3 
shows  the  ultimate  strength  of  certain  borides  on  compression  and  bend¬ 
ing. 

Borides  (MeBg)  have  high  chemical  stability  In  various  aggressive 
media  and  resist  oxidation  In  air  at  high  temperatures  somewhat  better 
than  carbides  or  nitrides.  The  borides  of  titanium,  zirconium,  molybde¬ 
num,  and  tungsten  are  resistant  to  cold  acids,  while  those  of  tantalum 
and  niobium  are  more  stable  In  cold  or  heated  acids  at  any  concentra¬ 
tion. 

The  hexaborldes  of  the  rare  earths  are  easily  decomposed  In  oxi¬ 
dizing  media  (Table  4).  Alkalies  and  mlxtiu?es  of  sodium  hydroxide  and 
perhydrol  have  no  effect  on  hexaborldes,  even  when  heated,  with  the  ex¬ 
ception  of  cerium  hexaboride. 

Boride-based  alloys  can  be  subdivided  into  the  following  basic 
groups:  pure  boride  alloys  (TlBg-CrBg,  NbBg-TlBg),  boride-carbide  al¬ 
loys  (TlB2-TiC,  ZrBg-ZrC),  boride-nitride  alloys  (TlBg-TlN),  borlde- 
siliclde  alloys  (TlBg-TlSlg) ,  and  boride-metal  alloys,  the  so-called 
boroalloys  (TlBg-Fe,  CrBg-Mo).  Pure  boride,  boride-metal,  and  boride- 
sillcide  alloys  are  now  being  used.  Table  5  shows  the  approximate  phy¬ 
sical  and  mechanical  properties  of  boride-based  alloys  with  somewhat 
elevated  strength,  durability,  and  hlgh-temperature  oxidation  resis¬ 
tance.  An  alloy  of  titanium  boride  and  iron  will  serve  as  an  example 
of  a  boride-metal  alloy;  this  alloy  has  a  high  resistance  to  thermal 
shock,  good  cutting  characteristics,  and  an  elevated  hlgh-temperature 
oxidation  resistance  (Table  6).  The  production  of  completely  compacted, 
nonporous  products  from  borides  presents  great  difficulties  at  the  cur¬ 
rent  level  of  technology.  However,  it  Is  possible  to  obtain  alloys  with 
virtually  no  porosity  by  combining  titanium  boride  and  Iron  and  sinter- 
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*  Ing  the  resultant  alloy  in  an  argon  atmosphere  at  1700-2000”.  The  high 
strength  of  T1B2-Fe  alloys  remains  almost  unchanged  over  the  tempera¬ 
ture  range  20-1100°  (Table  6),  while  their  high  hardness  and  durability 
make  them  quite  promising  Tor  use  as  structural  and  tool  materials.  A 
tltariium-borlde-based  alloy  containing  15J*  Iron  has  good  cutting  char¬ 
acteristics  and  Is  more  stable  than  the  standard  alloy  T15K6. 


TABLE  2 

Properties  of  Hexaborldes  of  Rare-Earth  Elements 
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l)  Property;  2)  lanthanum  boride;  3)  cerium  boride:  4)  praseodymium 
boride;  5)  neodymium  boride;  6)  samarium  boride;  7)  europium  boride; 

8)  gadolinium  boride;  9)  terbium  boride;  10)  dysproslun:  boride;  11) 
holrrilum.  boride;  12)  erbluit  boride;  13)  thulium  boride:  14)  ytterbium 
boride;  15)  lutetlum  boride:  16)  molecular  weight;  1?)  boron  content 
by  weight);  l8)  y  (g/cm3);  19)  X  (oal/om.sec.°C) ;  20)  p  Ji  ohms. cm); 
21)  thermal  coefficient  of  electrical  resistance,  (degrees  “^*103);  22) 
ttiemal  emf  (uv/°C);  23)  Hall's  coefficient  x  10^  (cmS/coulomb) ;  24) 
c.ff^  'tic  ;".or.c.  t  :f  magnetic  boron;  25)  :'.agnetlc  permeability  x 
effective  magnetic  moment  of  magnetic  boron;  25)  magnetic  permeability 
X  10“;  26)  work  function  (ev);  27)  Richards'  constant  (amps/cm  .de¬ 
grees^);  28)  coefficient  of  secondary  emission  (maximum);  29)  radiation 
factor  at  X  =  655  mu;  3°)  (kg/mm^);  31)  H(kg/mm^);  32)  color;  33) 

purplish-violet;  34)  blua-vlolet;  35)  biue;  36)  black. 
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TABLE  3 

p 

Ultimate  Strengths  (kg/mm  )  of  Borides  on  Compres¬ 
sion  and  Bending*  at  Various  Temperatures 


2  TeMWpiTTP*  (‘C) 
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1 
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*TRe  bending  values  are  for  specimens  with  a  por¬ 
osity  of  22-245^. 

l)  Boride;  2)  temperature  (“C). 

TABLE  4 

Solubility  of  Borides  of  Rare-Earth 
Metals  In  Acids 
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♦On  gentle  heating  for  2  hr. 

l)  Boride;  2)  aqua  regia;  3)  (1:1^  with  HNO^  added);  4)  insolu¬ 

ble  precipitate  (^);  5)  complete  dissolution  on  gentle  heating  for  5  hr; 
6)  complete  dissolution  in  cold  acid  within  5  min;  7)  complete  dissolu¬ 
tion  on  gentle  heating  for  5  min. 


TABLE  5 

Properties  of  Boride  Alloy  Based  on 
Solid  Solution  of  Permlum  Boride  in 
Titanium  Boride  (Tl,  Cr)  Bgn 
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l)  y  (g/cm^);  2)  X  (cal/cm.sec •°C) ; 
3)  kg/mm^. 
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Borides  are  obtained  chiefly  by  reduction  of  metal  oxides  with  a 
mixture  of  boron  carbide  and  carbon  (Table  7)»  in  accordance  with  the 
reaction 

A 

by  reduction  of  a  mixture  of  metal  oxides  and  boron  anhydride  with  car¬ 
bon, 

B 

or  by  direct  combination  of  metals  with  boron. 

Products  are  manufactured  from  borides  and  their  alloys  by  powder 
metallurgy  (pressing  of  blanks  and  subsequent  sintering  or  hot  pressing), 
Nonporous  products  cannot  be  obtained  by  pressing  and  sintering,  but 
hot  pressing  makes  it  possible  to  produce  articles  with  a  porosity  of 
1-3^. 

Because  of  their  high  hardness,  articles  fabricated  from  borides 
and  their  alloys  cannot  bo  dimensioned  by  the  usual  mechanical-machin¬ 
ing  methods.  Anodomechanlcal,  electric-discharge,  and  ultrasonic  mach¬ 
ining  or  treatment  with  abrasives  are  used  for  this  purpose.  The  ultra¬ 
sonic  method  has  come  into  especially  wide  use.  Certain  data  on  the 
machlnabillty  of  borides  are  given  in  Table  8. 

TABLE  6 

Influence  of  Composition  and 
Temperature  on  the  Strength  of 
Alloys  of  Titanium  Boride  and 
Iron 
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l)  Iron  content  of  alloy  (jt 
by  weight);  2)  temperature 
(^C);  3)  ffj^2g 
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TABLE  7 

Tcchnoloclcal  Regimes,  for  Production 
of  Certain  Borldec  by  the  Carbide-Bor¬ 
on  Method 
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l)  Boride;  2)  In  vacuum  furnaces;  3)  temperature  (“C);  4)  prococs  tlrric 
(min);  5)  in  tubular  graphite  furnaces. 

TABLE  8 


Ultrasonic  Machlnability  of 
Certain  Borides  (frequency  - 
l8  kc) 
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l)  Boride;  2)  relative  compactness  of  material  (^) ,  3)  cutting  depth 
(nm):  4)  coefficient  of  machlnability  (ratio  of  riiatei-lal  wear  to  tool 


The  borides  of  hlgh-meltlng  transition  metals  are  used  principally 
for  the  electrodes  of  hlgh-tenperature  thermocouples,  plpii.  -  for  tr'^i^s- 
for  of  molten  metals,  and  crucibles  for  precision  metallurgy,  In  hlgh- 
!.ot-r.trength  and  refractory  alloys,  etc.  Hoxaborldes  are  used  in  tlie 
'Othodcs  of  electronic  devices  and  ionic  current  sources,  in  r'lUclear 
’.gl ticerlng  and  electronics,  in  devices  for  the  conversion  of  thermal 
'  to  electrical  energy,  etc. 


References:  famsonev,  G.V.  ,  Portnoy,  K.  I.,  Cplavy  na  osnove  t-;g- 
oplavklkh  soyedineniy  [Alloys  Based  on  High-Melting  Compounds],  M..  scow. 
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I96I;  Samsonov,  Q.V. ,  Tugoplavklye  soyedlnenlya.  Spravochnlk  po  svoyst- 
vam  1  primenenlyu  [High-Melting  Compounds.  Handbook  of  Properties  and 
Applications],  Moscow,  1963;  Samsonov,  G.  V.  ,  Pademo,  Yu.B.  ,  Borldy 
redkozemel’nykh  metallov  [Borides  of  the  Rare  Earths],  Kiev,  I96I; 
Punke,  V.  P. ,  Yudkovskly,  S.I.,  and  Samsonov,  G.V. ,  ZhPKh  [J.  Appl. 

Chem. ],  1961,  Vol.  3^>  No.  5;  Samsonov,  G.V. ,  et  al. ,  Bor,  yego  soyed¬ 
lnenlya  1  splavy  [Boron  and  Its  Compounds  and  Alloys],  Kiev,  i960. 
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fiORIZATION  OF  STEEL  -  superficial  saturation  of  steel  with  boron 
in  order  to  Increase  its  hardness  fup  to  1400  HV),  tiiennostabll Jty , 
durability  (particularly  with  respect  to  abrasion),  and  corrosion  re¬ 
sistance.  Structural  and  austenitic  steels  and  various  metals  and  al¬ 
loys  can  be  subjected  to  borlsatlon.  The  brittleness  of  the  borlzatlon 
layer  prevents  wide  use  of  this  process.  Electrolysis  In  molten  borax 

is  used  for  borlzatlon  of  steel  (the  component  serves  as  the  cathode 

.  ,  o 

and  graphite  as  the  anode).  A  current  density  of  0.1-0. 2  amp/cr."  is  em¬ 
ployed.  The  working  temperature  is  950“  and  the  process  time  6-8  nr. 

The  resultant  borlzatlon  layer  is  0.1^0.25  mm  thick  (the  external  zone 
consists  of  the  boride  FeB  and  the  Internal  zone  of  the  boride  FcgB). 

It  is  recommended  that  the  workpiece  be  surface-quenched  to  provide  a 
strengthened  cushion  under  the  thin  hard  layer  (the  hardness  of  the 
latter  Is  unaffected  in  this  case).  .Methods  have  also  been  develoced 
for  borlzatlon  of  steel  in  molten  borax  containing  boron  carbide,  in 


gaseous  media  (HgB^  -t-  H2,  BCl^  +  H^),  in  vacuur,  furnaces,  and  In  pow¬ 
dered  m*lxtures.  Borlzatlon  is  or.plcyed  In  the  manufacture  of  oasirg  ar.c 


bushings  for  mud  pumps,  components 
pillar  tracks,  etc. 


of  wire  mills,  bushings  for  cater- 
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BORIZATION  OF  TITANIUM  ALLOYS  -  superficial  saturation  of  titanium- 
alloy  components  with  boron.  This  process  can  be  carried  out  by  elec- 
trolysls  In  molten  borax.  At  a  current  density  of  2. 5-3-0  amp/cm  and 
a  temperature  of  1050“  or  more  a  layer  of  titanium  boride  with  a  baro¬ 
ness  of  -2500  HV  and  a  thickness  of  several  microns  Is  formed  on  the 
surface  of  the  workpiece;  this  Is  underlain  by  a  solid  solution  of  oxy¬ 
gen  In  a-tltanlum.  Only  a  thin  oxygen-saturated  layer  Is  obtained  at 
lower  current  densities  or  temperatures.  Borlzatlon  of  titanium  alloys 
can  also  be  conducted  In  powdered  boron  at  temperatures  above  1000“  In 
vacuo.  No  matter  what  borlzatlon  method  Is  used,  the  hardened  layer  Is 
very  brittle  and  bonds  poorly  to  the  base  metal. 

References:  .Mlnkevlch,  A.N.,  Shul'ga,  Yu.N.,  Metallcvedenlye  1 
obraootka  metallov  fPhys.  Metallurgy'  and  Metalworking],  Nc.  12. 

I.S.  Anitov 


BORULIN  -  see  Bituminous  materials. 
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BPIAKE  STRIP  Is  elastic  friction  material  used  to  provide  the  re¬ 
quired  friction  forces  in  band  and  disc  brake  devices  for  tractors, 
various  types  of  highway -construction,  hoisting  and  transporting  (exca¬ 
vators,  bulldozers,  cranes  and  hoists)  and  other  machinery ^  Industry 
produces  both  woven  and  rolled  brake  stripping.  The  woven  brake  strip¬ 
ping  (GOST  1198-55)  is  fabricated  from  woven,  multilayer  asbestos  fab¬ 
ric  strips  containing  In  the  fibers  brass  wire  of  cross  section  O.16- 
0.19  mm.  The  woven  brake  stripping  is  produced  In  type  "A"  impregnated 
with  bitumen  ar.J  type  "B"  Impregnated  with  oil  In  rolls  of  width  13-270 
mm  and  thickness  4-12  mm.  The  rolled  brake  strip  (TU  MKhP  3027-51)  is 
made  by  rolling  on  a  special  machine  of  an  asbestos-rubber  mass  with 
subsequent  vulcanization;  it  Is  produced  in  the  form  of  rolls  of 
straight  strip  of  length  up  to  20  meters  or  as  Individual  brake  discs 
In  accordance  with  drawings  agreed  on  by  the  suppliers  and  consumers. 
The  width  of  the  strips  and  discs  linings  Is  20-160  mm,  thickness  4-10 

p 

mm.  The  tensile  strength  of  the  woven  brake  strip  Is  50O-6OO  kg/cm  , 

O 

that  of  the  rolled  strip  Is  100-140  kg/cm  .  The  woven  and  rolled  brake 
stripping  provide  for  operation  of  the  brake  unit  up  to  270®,  after 
which  their  frictional  resistance  Is  sharply  reduced  because  of  the  de¬ 
composition  of  the  binder.  The  physical  and  mechanical  properties  of 
the  brake  strippings  are  shown  In  the  Table. 
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Physical  and  Mechanical  Properties  of  Woven  and  Rolled  Gtrlp 
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l)  Characteristics;  2)  type  "A*'  woven  strip;  3)  type  "B"  woven  strip; 
4)  type  6KV-10  rolled  strip;  5)  friction  coefficient  on  iron  at  a  tem¬ 
perature  of  100-120*,  velocity  7*5  m/sec  and  specific  pressure  2.7  kg/ 
/cm^.  no  less  than;  6)  wear  in  thickness  after  2  hours  (mm,  no  more 
than);  7)  weight  Increase  after  water  immersion  no  more  than);  8) 
with  thickness  to  6  mm;  9)  same  6-8  mm;  10)  same  9  iiim  and  more;  11) 
weight  increase  after  immersion  in  mineral  oil  no  more  than);  12) 
with  thickness  to  6  mm. 


Ye.S.  Popova 
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BRASS  Is  a  binary  or  multi -component  alloy  based  on  copper  in 
which  the  primary  alloying  element  is  zinc.  The  binary  copper-zinc  al¬ 
loys  are  termed  simple  brasses  while  the  multi -component  alloys  are 
termed  special  brasses  (see  Special  Brasses).  With  regard  to  technolog¬ 
ical  principle,  these  alloys  are  divided  into  the  wrought  brasses  and 
the  cast  brasses.  The  brasses  containing  88-97^  Cu  are  termed  tombac, 
those  with  79-86^  Cu  are  termed  semi-tombac. 

The  brasses  have  comparatively  high  mechanical  properties  and  good 
corrosion  resistance  in  atmospheric  conditions,  while  the  special 
brasses  have  these  properties  in  sea  water  as  well.  Being  the  cheapest 
of  the  copper  alloys,  the  brasses  are  widely  used  in  various  branches 
of  the  national  economy.  The  simple  brasses  are  used  for  all  sorts  of 
products  fabricated  by  stamping  and  other  forms  of  plastic  deformation, 
for  heat  exchange  equipment,  furniture,  signs,  bellows,  flexible  hoses, 
sieves  for  paper  finishing  machines,  cartridges  and  other  specialized 
products.  The  special  brasses,  having  higher  corrosion  resistance  and 
strength,  are  used  for  details  of  sea-going  vessels  and  aircraft,  in¬ 
struments  and  chemical  apparatus.  From  the  brasses  containing  lead  and 
which  are  therefore  easily  machined,  we  make  watch  parts  and  parts  for 
other  precision  mechanisms,  and  also  antifriction  parts.  Cast  products 
are  made  from  the  casting  brasses.  Sheets,  strips,  plates,  tubes,  rods 
and  wire,  forgings  are  made  from  the  brasses  which  can  be  pressured 
worked. 

Copper  forms  six  phases  with  zinc:  a,  B,  7,  6,  e  and  q  (the  cop¬ 
per-zinc  state  diagram  Is  shown  In  Fig.  l).  Of  these  only  the  a-  and  B- 
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phases  belong  to  the  region  occupied  by  the  brasse;;.  The  copper-rich 

o 

a-phase  has  a  face-centered  cubic  lattice  with  period  a  ^ 

The  limiting  solubility  of  zinc  in  copper  at  a  temperature  of  4t>3°  1- 
38“39/^  arid  diminishes  with  further  increase  of  the  temperature.  The  et- 
phase  alloys  (see  Alpha-Brass)  are  very  plastic  In  the  cold  condition. 
The  B-phase  Is  a  solid  solution  based  on  the  chemical  compound  CuZn 

O 

with  a  body-centered  cubic  lattice  with  period  a  ^  2.94A.  At  the  soli 
dus  temperature  the  B-phase  occupies  the  region  from  37  to  57^  Zn,  nar¬ 
rowing  at  room  temperature  to  45-49^^  Zn.  With  reduction  of  the  tempera¬ 
ture  the  alloys  lying  In  the  left  portion  of  the  B -phase  region  decom¬ 
pose  with  the  release  of  a-phase  crystals.  Structural  alteration  of  the 
B-phase  takes  place  at  a  temperature  of  450-470°,  above  these  tempera¬ 
tures  the  alloys  are  plastic,  and  below  they  are  brittle,  therefore  the 
B -brasses  containing  45-47^  Zn  are  pressure  worked  In  the  hot  condition 
(see  Beta-Brass).  Consequently,  depending  on  the  zinc  content  the  brass¬ 
es  may  consist  of  a-,  a  +  B-j  and  B-crystals  (Figs.  2-4). 

4  ^  The  properties  of  the  brass - 

10  20  JO  *0  JO  00  fo  SO  30 

es  depend  on  the  zinc  content  and 
their  structure.  Figure  5  shows 
the  variation  of  the  ultimate 
strength  and  the  relative  elonga¬ 
tion  of  the  brasses  as  a  function 
of  the  zinc  content.  The  grain 

in 

size  and  the  mechanical  proper¬ 
ties  of  the  brasses  are  determin- 

0  10  to  JO  40  SO  to  90  $0  100 

Cm  2  9m. X  Zn 

ed  by  the  temperature  and  dura- 

Plg.  1.  State  diagram  of  the  cop¬ 
per-zinc  system,  l)  Temperature,  tlcn  of  the  anneal,  and  also  by 

C;  2)  at.  3)  or;  4)  weight. 

the  degree  of  deformation.  The 

most  frequently  encountered  harmful  Impurities  In  the  brasses  are  bls- 
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muth,  lead,  antimony,  arsenic  and  phosphorus,  which  have  an  Influence 
on  their  properties  and  structure  (see  Table). 

In  all  the  grades  other  than  LJO  and  L68,  up 
to  0.5^  N1  (with  relation  to  the  copper)  Is  permit¬ 
ted.  In  the  antlmagnetic  brasses  there  must  be  no 
more  than  0.03^  Pe.  Oxygen  may  be  present  in  the 
form  of  zinc  oxide  which  easily  comes  to  the  sur¬ 
face  of  the  molten  brass  and  is  usually  not  present 
in  the  ingots  if  the  casting  temperature  is  suffi¬ 
ciently  high.  Lead  impurity  in  the  amount  of  more 
than  0.03J^  leads  to  cracking  of  Ingots  during  hot  rolling  of  the  a- 
brassesj  the  presence  of  the  P-phase  facilitates  hot  working  of  the 

brasses  containing  lead.  Bismuth  reduces  the  plas¬ 
ticity  of  the  brasses  in  the  cold  condition.  Anti¬ 
mony  reduces  the  capability  of  the  brasses  for  cold 
deformation  since  it  concentrates  along  the  grain 
boundaries  in  the  form  of  a  brittle  phase.  The  sol- 

Flg.  3*  Mlcrostruc- 

ture  of  wrought  ublllty  of  this  phase  in  the  copper  solid  solution 
a  +  0-brass  (62$^ 

Cu).  Enlarged  100  is  significantly  reduced  with  an  Increase  of  the 
times. 

zinc  content  and  a  temperature  reduction,  therefore 
to  facilitate  cold  working  of  the  antimony  brasses  it  is  advisable  to 


Fig.  2.  Typical 
microstructure 
of  wrought  an¬ 
nealed  a-brass. 
Magnified  75 
times. 


Fig.  4.  Microstructure  of  wrought  annealed  0-brass  (47ji  Zn,  remainder 
copper).  Enlarged  100  times. 

make  use  of  quenching.  Up  to  0.1^  arsenic  is  soluble  in  brass  in  the 
solid  state.  With  Increase  of  the  arsenic  the  plasticity  of  the  brasses 
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's 

diminishes  as  a  result  of  the  fomnatlon  of  Intercry-tail  Ir.e  larr  lna  of 


the  brittle  compound  Cu^As.  Arsenic  improves  the 


resistance  of  the 


Pig.  5*  Variation  of  mechanical  properties  of  cast  copper-zinc  alloys 
with  zinc  content.  1)  kg/mm^. 


Maximal  Permissible  Impurity  Content  In  Brasses  (from 
GOST  1019-47) 
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brasses  to  dezlnclflcatlon.  The  solubility  of  phosphorus  In  the  solid 
state  In  the  brasses  Is  slight,  therefore.  It  may  separate  out  aiong 
the  grain  boundaries  In  the  form  of  the  brittle  copper  phosphide  Cu^P 
and  thereby  reduce  the  plasticity  of  the  brasses.  Iron  restrains  the 
recrystalllzatlon  of  the  brasses  and  refines  the  grain.  Sulfur  dlmlnsh- 
es  the  plasticity  of  the  brasses.  The  presence  of  tin  Is  not  harmful. 
Impurity  purification  Is  accomplished  by  refining  the  brasses.  The  al¬ 
loying  components  -  aluminum,  silicon,  manganese,  tin  and  Iron  -  Im¬ 
prove  the  corrosion  resistance,  strength,  hardness  and  other  properties 
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of  the  brasses. 

References:  Smiryagln  A.P.,  Promyshlennyye  tsvetnyye  roetalll  1 
splavy  flndustrial  Nonferrous  Metals  and  Alloys],  2nd  ed. ,  M. ,  1956; 
Hansen  M,  Anderko  K. ,  Structures  of  the  Binary  Alloys,  transl.  from  Eng, 
2nd  ed.,  Vols.  1-2,  M. ,  1962. 


A.V.  Bobylev,  Ye.S.  Shplchlnetskiy 
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BRASS  BARS  —  round,  square,  and  hexagonal  remlfinished  product.: 
(GOST  2060-60).  They  are  manufactured  from  various  types  of  brass,  in¬ 
cluding  L62,  LS59-1,  LS63-5,  L062-1,  LZhSbB-1-1,  LMts58-2, 
and  LAZh6c-l-l.  Brass  bars  can  be  pressed  or  drawn.  Drawn  bars  are  fab^ 
rlcated  in  diameters  of  5«0-^0  m.m  to  precision  classes  3a,  and  5> 
while  pressed  bars  are  produced  in  diameters  of  IO-I6C  rwn.  Bar  length 
Is  not  standardized  and  ranges  from  0.8  to  B  m,  depending  on  bar  bar 
diameter.  Brass  bars  of  otner  sizes  are  produced  in  accordance  witn 
special  TU.  Drawn  bars  are  supplied  in  the  hard  and  semihard  states. 


Ye.S.  ShpltsinetsKiy 
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BRASS  PIPES  -  are  made  from  various  brass  brands.  Ihe  assortme/r- 

and  properties  of  round  drawn  tubes  for  heat  exchangers  from  L68  brass 

for  potable  water  operation  and  from  L070-1  brass  for  sea  water  opera- 

Mechanlcal  Properties  of 
Brass  Pipes  (GOST  494-52) 
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l)  Brass;  2)  (kg/nim  );  3)  not  less  than;  4)  soft  drawn  pipes;  5)  L;  6) 
L070-1;  7)  semlhard  drawn  pipes;  8)  extruded'  pfpes .  5)  l559-1;  lO)  LZh- 
Mts9-1-1. 


tion  as  well  as  of  general  purpose  dx’awn  pipes  from  L62  brass  and  ex¬ 
truded  pipes  fro.m  L62,  L59“'  and  LZhMts  59-1-1  brass  are  proscribed  by 
GOST  494-52.  Heat  exchange  r  tubes  are  made  with  an  external  diameter 
from  10  to  36  rnm  and  with  a  wall  thickness  of  0.75-1,  1-5,  ?.0  and  3*0 
mm.  Drawn  pipes  from  1/62  brass  are  with  diameters  frcm  3  *■  iOC:  rrsn  and 
wall  thickness  of  0.5,  0. ’'5,  1-0,  1.5,  2.0,  2-5  and  3-0  nun.  \*  ruled 
pipes  frctfn  Ij62,  LS59-1  and  LZhMts59-l-l  brass  are  supplied  w'  l  diame¬ 
ters  from  21  to  195  iso  a.nl  wall  thickness  from  1.  5  -c  42.5  ■  -in¬ 

drawn  round  capillaj'j'  tubes  from  I96  brass  with  an  Inside  omcter  frcm 
0.35  to  0.50  RO  and  an  outside  diameter  from  1.20  tc  2.  .rsn  arc  sup- 
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plied  according  to  GOST  2624-44. 

Round  and  shaped  tubes  for  radiator  of  different  sizes  are  made 
from  L96  brass  according  to  GOST  529-41  and  GOST  2644-44  with  an  ulti- 

p 

mate  strength  of  35-60  kg/mm  .  Tubes  for  bellows  from  L80  brass  are 
supplied  according  to  GOST  5685-51*  Pipes  with  other  dimensions  are 
supplied  in  accordance  with  si  ^cial  technical  specifications.  The  me¬ 
chanical  properties  of  brass  pipes  are  given  In  the  table. 

Ye.S.  Chpichlnetskly 
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[Transliterated  Symbols] 


p08  FOOT  =  GOST  =  Gosudarstvennyy  obshchesojaiznyy  standart  =  All- 

Union  State  Standard 
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BRASS  PLATING  OP  THE  TITANIUM  ALLOYS  is  the  creation  of  a  brass 
layer  on  the  surface  of  details.  Brass  plating  of  the  titanium  alloys 
can  be  accomplished  after  preliminary  copper  plating  by  deposition  of 
the  brass  from  a  galvanic  bath  or  as  a  result  of  diffusion  annealing  of 
copper  plated  details  without  air  access  in  a  mixture  of  powders  of 
composition;  30^^  zinc,  6Q^  chamotte,  ferroslllcon,  and  ammonium 
chloride.  With  a  copper;  ia„ar  thickness  of  1.0  mm  the  annealing  temper¬ 
ature  is  730-7^0“,  duration  6-7  hours.  After  this  processing,  on  the 
surface  of  the  detail  there  is  formed  two-phase  brass  and  under  this 
layer  there  Is  a  layer  of  single-phase  brass.  Brass  plating  Is  one  of 
the  methods  for  improving  the  antifriction  properties  of  titanium  and 
its  alloys. 

References;  Anltov  I.S. ,  Maksimova  A.G.,  ZhPkh,  I960,  Vol.  33j 
No.  12. 


I.S.  Anltov 
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BRASS  SHEET  AND  STRIP  are  produced  by  cold  and  hot  rolling.  The 
dimensions  of  the  hot-  and  cold-rolled  sheet  and  strip  which  are  most 
widely  used  are  established  by  specifications.  The  hot -rolled  sheet 
made  fron  the  L62,  LO62-I  and  LS59-1  brasses  and  the  cold-rolled  sheet 
and  strip  from  the  L68,  l62,  LMts58-2,  LO62-I  and  LS59-1  brasses  are 
delivered  in  accordance  with  GOST  931-52.  The  hot -rolled  sheets  are 
produced  in  thickness  from  5  to  22  ram,  width  and  length  600x1500,  710x 
xl4l0  and  1000  x  2000  mm.  The  cold-rolled  sheets  are  oroauced  in  thick¬ 
ness  from  0.4  to  10  mm  and  the  same  vjidths  and  lengths  as  the  hot -roll¬ 
ed  sheet.  The  cold-rolled  strip  is  delivered  in  thickness  from  0.4  to 
10  ram,  width  from  40  to  5OO  mm  and  length  ^rom  500  to  2000  mm.  Sheet 
and  strip  of  other  dimensions  are  produced  in  accordance  with  special 
Specifications. 

The  cold-rolled  sheet  and  stiip  in  the  soft  (M)  condition  are  pro¬ 
duced  from  the  L68,  L62,  LMts58-2  and  LS59-1  brasses;  the  half-hard 
(PT)  sheet  and  strip  are  made  from  the  l68,  l62  and  LMts58-2  brasses; 
the  hard  (T)  are  made  from  tlie  L60,  L62,  LMts58-2,  LO62-I  and  LS59-I 
brasses;  and  the  extra  hard  are  made  from  the  l62  brass.  Cold-rolled 
strip  made  from  the  LS63-3  watchmaker's  brass  is  delivered  in  accord¬ 
ance  with  GOST  4442-48  in  the  soft,  half-hard  and  extra  hard  conditions. 

Rectangular  strips  from  the  l62,  LZhMts59-l-l,  LMts58-2,  LO62-I  a 
and  LS59-1  brasses  in  the  pressed  form  of  thickness  from  5  to  25  mm  and 
width  from  10  to  60  mm,  and  drawn  strip  of  thickness  from  3  to  10  mn. 
and  width  from  6  to  30  mm  are  produced  in  accordance  wi'h  GOST  6688-53* 
Soft  tombac  strips  for  cladding  of  thickness  1.1  to  1.6  mm,  width  247- 
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390  mm  and  length  415-1030  mm  are  produced  In  accordance  with  OOST 
2205-53.  The  mechanical  properties  of  the  brass  sheet  and  strip  are 


TABLE  1 

Mechanical  Properties  of 
Brass  Sheet  and  Strip 
(aoST  931-52  and  GOST 
4442-48) 
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I)  Alloy;  2)  semtmanufacture; 

3)  (kg/mm^);  4)  lot  less  than; 
5)  L;  6)  hot -rolled  sheet;  7) 
LO;  8)  same;  9)  LS;  lO)  cold- 
rolled  soft  sheet  and  strip; 

II)  LMts;  12)  half -hard  sheet 
and  strip;  13)  half-hard  strip; 
14)  hard  sheet  and  strip;  15) 
hard  strip;  16)  extra -hard 
sheet  and  strip;  I7)  extra-hard 
strip;  18)  pressed  rectangular 
strip;  19)  LZhMts. 


shown  In  Table  1  and  the  Erlchsen  penetration  depth  for  the  l62  and  l68 
brasses  are  presented  In  Table  2. 
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TABLE  2 

Erlchsen  Penetration  Depth  (In  mm)  of  Brass  Sheet  and 
Strip* 
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*  Punch  diameter  10  mm. 

1)  Alloy  I  2)  semlmanufaoturej  3)  thickness  (mm);  k)  L; 

5;  cold-rolled  soft  strip  and  sheet  (not  less  than); 

6)  half -hard  sheet  and  strip;  7)  hard  sheet  and  strip. 

Ye.S.  Shplchinetskly 


512 


I I -84k 


BRASS  STRIP  Is  produced  from  the  brass  types  l68,  L62,  LS59-1  and 
LMts58-2  with  thickness  from  0.05  to  2  mm  and  width  from  300  to  600  mm. 

The  brass  strips  are  delivered  In  accordance  with  GOST  2208-49  In 
the  soft,  half -hard  and  hard  conditions.  Strips  of  other  dimensions  are 
produced  In  accordance  with  special  technical  specifications.  The  brass 
strip  Is  used  for  various  details  and  products  In  machine  construction 
and  other  branches  of  industry.  Tombac  strip  Intended  for  elements  of 
special  cartridges  are  produced  in  accordance  with  GOST  8036-56.  The 
L90  tombac  Is  used  to  made  soft  strip  of  dimensions  O.56  x  82  and  I.08 
X  138  mm.  Strip  made  from  watchmaker's  leaded  brass  Is  delivered  in  ac¬ 
cordance  with  GOST  4442-48  In  the  soft,  half -hard  and  extra  hard  condi¬ 
tions.  The  mechanical  properties  of  the  brass  strip  are  presented  In 
Tables  1  and  2. 


TABLE  1 

Mechanical  Properties  of  Brass 
Strip  (GOST  2208-49,  8036-56 
and  4442-48) 
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1)  Alloy;  2)  material  condition; 
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3)  (kg/nan^);  4)  no  less  than; 
5)  L;  6)  LMts;  7)  LS;  8)  soft; 
9)  same;  10)  half -hard;  11) 
hard;  12)  extra  hard;  13 )  no 
less  than. 


TABLE  2 

Erlchsen  Penetration  Depth  (GOST  2208-49,  8036-56  and 
4442-48) 
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1)  Alloy;  2)  material  condition;  3)  strip  thickness  (mm); 

4)  up  to;  5)  penetration  depth  (iTm)  of  10  mm  diameter 
punch,  no  less  than;  6)  L;  7)  soft;  8)  same;  9)  half- 
hard;  10)  hard. 

Ye.S.  Shpichlnetskly 
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BRASS  WIRB  -  flianufactured  from  Brass  of  various  types,  including 
L68,  l62,  and  LS59-1  (GOST  1066-58).  This  wire  can  be  round  (from  0.1 
tc  12  tiUi  lii  uiameter),  square,  or  hexagonal  (with  an  l;‘*5crlbed-clrcle 
diameter  of  from  3  to  12  mm).  Brass  wire  of  ot.her  sizes  is  produced  in 
accordance  with  special  TIJ.  Wire  of  this  type  is  produced  in  soft, 
semlhard,  and  hard  varieties.  It  is  used  in  instrument  building  and  in 
light  Industry,  for  the  manufacture  of  furniture,  nails,  etc. 

Ye.S.  Shplchlnetskly 
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BREAKDOWN  —  a  process  preceding  fractuie  under  strenc  and  termin¬ 
ating  In  disruption  of  the  structure  of  the  material  and  formation  of 
nuclei  (foci)  from  which  cracks  propagate  the  load  (or  action 

time)  Is  Increased.  Breakdown  Is  also  referred  to  as  degradation.  It 
Is  difficult  to  distinguish  breakdown  from  pxiur  (olastlc,  highly  c]er- 
tlc,  and  plastic  deformation)  and  subsequent  true  fracture)  processes, 
since  they  all  take  place  simultaneously.  In  order  elucidate  this  phen¬ 
omenon  it  Is  necessary  to  study  the  structure  of  the  material  under 
high  magnification  (by  electron  microscopy  and  x-ray-  and  electron- 
defraction  techniques)  and  the  changes  In  Its  physical  and  chemical 
properties  (magnetic,  electrical,  electrochemical)  and  certain  of  its 
mec.hanlcal  characteristics  (damping,  etc.). 

Ya.B.  Fridman 
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BRIDGE  STEEL  is  open-hearth,  carbon,  hot-rolled  steel  for  welded 
and  riveted  bridge  structures.  Bridge  steel  is  produced  in  accordance 
•..Itli  GOCT  oVij-jj  iii  the  form  of  rods,  profiels,  sheets  and  wide  strip. 
It  Issued  without  heat  treatment.  Welding  of  all  forms  is  used  in  fa¬ 
brication  of  the  welded  structures. 


TABLE  1 

Chemical  Composition  and  Application  of  Bridge  Steel 
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1)  Steel;  2)  applicationj  3)  content  of  elements 
(in  %)',  4)  not  more  than;  5)  Ml6S;  6)  welded  bridge 
structures;  7)  bridge  steel  3;  8)  riveted  bridge 
structures. 


TABLE  2 


Mechanical  Properties  of  Bridge 
steel  (No  Less  Than) 
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1)  steel;  2)  k§/mm  :  3)  for  long  specimen;  U)  for  short  specimen;  5) 
f  (optional)  {%);  6)  rods,  profiles;  7)  sheet,  strip;  8)  Ml6S  9)  bridge 
steel  3. 


The  Ml6S  steel  is  deoxidized  by  additional  introduction  of  ^ilu/i.- 
Iniun  into  the  ladle.  With  the  agreement  of  the  user,  bridrje  steel  3 
may  also  be  delivered  in  rimming  form.  Standards  for  relative  elon/3a- 
tion  are  applicable  to  sheet  and  strip  of  thickness  8-20  mm,  and  pro¬ 
files  of  thickness  8-4o  mm. 


The  bridge  steels  are  tested  in  the  cold  condition  for  iSO-degree 
bending  until  the  edges  touch  for  thicknesses  to  25  nun,  with  greater 
thickness  t^xey  are  bent  around  a  mandrel  with  diameter  equal  to  the 
sheet  or  strip  thickness. 

For  the  Ml6S  steel  the  impact  strength  is  determined  after  aging 
in  accordance  with  the  method  for  testing  the  sensitivity  to  mechanical 
aging  following  GOST  7268-5^  (105^  strain  hardening  and  aging  at  250® 
for  1  hour). 


TABLE  3 

In5)act  Strength  of  Bridge  Steel 
(No  Less  Than) 
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1)  Form  of  rolled  stock;  2)  a^  (Kgm/cm^);  3)  at  20“ ;  4)  at  20“  after 

mechanical  aging;  5)  sheet  and  wide  strip  steel;  6)  longitudinal  speci¬ 
mens;  7)  transverse  specimens;  8)  rods  and  profiles  (longitudinal 
specimens) . 
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TABLE  k 


Average  Statistical  Indices  of  Mechanical  Properties 
of  M16S 
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1)  Thickness  (mm);  2)  nximber  of  tests;  3)  (kgm/cm  );  4)  as  de-p 
livered,  20*;  5)  after  strain  hardening  and^aging,  20*;  6)  (kg/mjrt  ): 
7)  IJ.  rolling  direction;  8)  across  rolling  direction;  9)  sheets;  10) 
wide  strip  steel;  11)  33  and  more. 


Fatigue  strenght  of  Ml6S  steel. 
1)  Ig  o  (kg/irjr.2);  2)  Ig  N  (mil¬ 
lion  cycles). 


Table  4  presents  the  average  values  of  the  mechanical  properties 
of  the  Ml6S  steel  obtained  by  statistical  processing  of  the  results  of 
acceptance  tests  of  sheets  at  the  Magnitogorsk  Metallurgical  Combine 
(1959)  and  tests  of  wide  strips  at  the  Dterrhinsk,  Metallurgical  Plant 
(1959). 

The  figure  shows  the  fatigue  strength  of  Ml6S  steel  determined 
with  atymaetric  loading  cycle  on  flat  specimens  660-m  long,  2-nm  thick 
and  SO-Ht  wide  in  the  working  section.  The  15KhSIC  io*-alloy  high- 
strength  steel  is  used  in  bridge  structures  with  long  spans  to  reduce 
the  weight  (0,6-0. Cr:  0.3-0.65^  Nl;  0.2-0. 4j^  Cu.  It  is  recommended 
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that  this  steel  be  substituted  by  the  cheaper  10G2SD  (MK)  steel  de¬ 
fined  in  GOST  5058-57  which  contains  less  of  the  scarce  alloying  ele¬ 
ments  »  The  tensile  strength  of  the  15KhSND  steel  is  no  less  than  52 
kg/mm  ,  the  yield  strength  is  35  kg/mm  ;  the  corresponding  figures  for 
the  10G2SD  (MK)  s-eel  are  respectivlely  no  less  than  50  kg/mm^  and  35 
kg/mm*^. 

References;  Paton  Ye.O.,  Shevernltskly  V.V. ,  Stal'dlya  svarnykh 
mostov  (Steel  for  Welded  Bridges),  in  book:  Trudy  po  avtomatlcheskoy 
svarke  pod  flyusom  (Papers  on  Automatic  Welding  Under  Flux),  collection 
No.  6,  Kiev,  19^9;  Kasatkin  B.S.,  0  stall  dlya  svarnykh  mostov  (On 
steel  for  Welded  Bridges),  ibid,  collection  No.  2-3,  Kiev,  1948]  Shev- 
ernltskiy  V.V. ,  et  al.,  Staticheskaya  prochnost'  svarnykli  soyedineniy 
iz  malouglerodlstoy  stall  (Static  Strength  of  Weld  Joints  Made  From 
Low  Carbon  Steel),  Kiev,  1951^  Bol'shakov  K.P.,  et  al.,  Vibratsionnaya 
prochnost'  svarnykh  mostov  (Vibrational  Strength  of  Welded  Bridges), 

M.,  1952]  Navrotskiy  D.I.,  Prochnost'  svarnykh  soyedineniy  (Strength 
of  Weld  Joints),  M.-L.,  196I]  Tsel'nosvarnyye  proletnyye  stroyenlya 
zheleznodorozhnykh  mostov  (All-Welded  Spans  of  Railway  Bridges),  M., 
1955  (Trudy  Nil  mostov,  v.  4)  (Transactions  of  the  Scientific  Research 
Institute  for  Bridges,  Vol.  4)]  Povyshenlye  mekhanicheskikh  svoystv 
mostovoy  stall  (Improving  the  mechanical  properties  of  bridge  steel), 
Stal'  (Steel),  1955,  No.  10. 


E.Sh.  Volokhvyanskaya 
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BRINELL  METHOD  -  a  method  of  determining  the  hardness  of  materials  | 

by  pressing  a  quenched  steel  sphere  (indentor)  against  the  surface  of  I 

the  specimen  or  article.  The  Brlnell  hardness  (HB)  is  the  mean  specific 

2 

pressure  exerted  on  the  surface  of  the  indentation  (kg/mm  ).  The  dla- 


TSh  hardness  gauge;  l)  Spherical  tip;  2)  test  specimen;  3)  interchange¬ 
able  weights;  4)  electric  motor. 


Conditions  for  Brinell  Tests 
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1)  Material;  2)  HB  fkg/mm-);  3)  thickness  of  article  or  specimen  (mm); 
4)  sphere  diameter  (mm);  5)  load  (kg);  6)  loading  time  (sec);  7)  fer¬ 
rous  metals;  8)  the  same;  9)  nonferrous  metals;  10)  nonforrous  metals 
(copper,  brass,  bronze,  magnesium  alloys);  11)  .nonferrous  metals  and 
alloys  (aluminum,  babbit);  12)  less  than;  13)  more  ^aan;  14)  from;  15) 
to. 
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meter  of  the  indentation  1b  measured  with  a  magnifying  glass  (to  within 
0.05  mm)  or  gauges  after  the  load  has  been  removed  and  the  radius  of 
curvature  is  assumed  to  be  equal  to  the  radius  of  the  sphere.  In  prac¬ 
tice,  the  diameter  of  the  indentation  is  often  used  for  evaluating 
hardness  by  the  Brlnell  method.  The  conditions  for  Brlnell  hardness 
tests  have  been  established  by  QOST  9012-59.  Devices  known  as  hardness 
gauges  can  be  used  to  make  Indentations  under  standard  conditions.  The 
figure  shows  the  setup  of  the  TSh  semiautomatic  hardness  gauge.  The 
spherical  tip  is  pressed  into  the  test  specimen  under  the  action  of 
the  force  set  up  by  the  interchangeable  weights  when  the  electric  motor 
is  switched  on.  Observance  of  a  predetermined  loading  time  is  ensured 
by  a  device  which  reverses  the  motor  (in  order  to  remove  the  load)  and 
switches  it  off  after  the  loading  system  has  returned  to  its  initial 
position.  This  method  was  proposed  in  I9OO  by  the  Swedish  engineer  I. A. 
Brlnell. 

References:  Shapos.hnlkov,  N.A. ,  Mekhanichesklye  Ispytanlya  metal- 
lov  [Mechanical  Testing  of  Metals],  2nd  Edition,  Moscow- Leningrad,  195^; 
O'Neill,  G. ,  Tverdost'  metallov  1  yeye  izmerenlye  [Hardness  of  Metals 
and  Its  Measurement],  translated  from  English,  Moscow-Lenlngrad,  19^0. 

I.V.  Kudryavtsev  and  D.M.  Shur 
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BRINELL  HARDNESS  -  standard  physlcomechanical  characteristic  of  a 
material,  which  determines  Its  ability  to  resist  local  plastic  deforma¬ 
tion  which  Is  produced  by  statically  forcing  into  the  product  or  speci¬ 
men  surface  a  hardened  steel  ball  2.5,  5  or  10  mm  In  diameter.  The 
methods  for  determining  the  Brlnell  hardness  are  presented  In  GOST 

9012-59. 

The  Brlnell  hardness  (or  hardness  number)  HB  is  determined  as  the 
ratio  of  the  lead  P  when  making  the  Impression  to  the  area  f  of  the  sur¬ 
face  of  the  spherical  Indentation,  whose  diameter  d  Is  measured  after 
the  load  Is  removed; 

2 

By  Its  physical  meaning  the  hardness  number  (kg/mm  )  Is  the  mean 
specific  pressure  at  the  surface  of  contact  between  the  ball  and  the 
product  when  the  Indentation  Is  made.  The  Brlnell  hardness  depends  on 
the  relationship  between  the  load  and  the  ball  diameter.  Hence  the 
Brlnell  hardness  numbers  for  the  same  material  obtained  when  Impressing 
balls  of  different  diameters  (D^  and  D2)  are  found  to  be  equal  only 
upon  satisfying  the  similarity  condition,  consisting  In  the  equality 
of  Impression  angles.  Here  the  loads  are  selected  by  the  ratio 

D*  D*  ’ 

I  t 

Brlnell  hardness  Is  determined  on  special  hardness  testers.  The 
Brlnell  hardness  of  many  materials  Is  satisfactorily  related  to  other 
major  mechanical  properties.  In  particular  to  the  ultimate  strength; 

=  k'HB. 
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For  carbon  steel,  for  example,  k  -  0.36  (see  Hardness). 
figfMgnces,  Shaposhnlkov,  N.A.,  ffekhanlchesklye  Ispytaniya  metal- 
lov  [Mechanical  Testing  of  Metals],  2nd  edition,  Moscow-Lenlngrad, 

1954. 

I.V.  Kudryatsev  and  D.M.  Shur 
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rOCT  =  aoST  =  Oosudarstvennyy  obshesoyuznyy  standart  =  All- 
Union  State  Standard 
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BRITTLENESS  OP  BERYLLIUM.  The  Insufficient  plasticity  of  beryllium 
limits  its  application. 

There  exists  two  points  of  view  concerning  the  nature  of  the  brit¬ 
tleness  of  beryllium.  According  to  the  one,  the  brittleness  is  an  in¬ 
trinsic  property  of  beryllium,  and,  therefore,  the  solution  of  the 
problem  of  plasticity  by  establishing  a  preferable  orientation  (by 
working  under  pressure,  for  example)  may  result  in  a  sufficient  plas¬ 
ticity  in  two  directions,  but,  probably  at  the  expense  of  an  almost  to¬ 
tal  loss  of  the  plasticity  in  the  third  direction.  According  to  the 
other  opinion,  the  brittleness  of  beryllium  is  caused  by  impurities 
which  distort  the  crystal  lattice;  therefore,  the  problem  of  plasticity 
must  be  solved  by  an  Improved  refining  of  the  metal. 

Sliding  occurs  in  beryllium  only  along  the  basis  pleuie  (0001)  and 
the  prism  plane  (loTo),  the  twinning,  however,  on  the  pyramide  plane 
(10T2)  and,  in  a  lower  degree  along  the  planes  (lOTl)  and  (10l3)*  Slid¬ 
ing  along  the  basis  plane  predominates  in  polycrystalline  beryllium  be¬ 
cause  the  cleaving  stress  along  the  basis  plane  amounts  to  one-fourth 
of  the  stress  along  the  prism  plaric.  Sliding  along  the  basis  causes  a 
curvature  which  results  in  the  destruction  along  the  basis  plane  or 
the  pliuie  of  the  prism  of  second  type  (1120).  The  formation  of  the  cur¬ 
vature  and  the  destruction  along  the  (1120)  plane  is  caused  also  by 
twinning.  A  considerable  sliding  without  destruction  is  only  possible 
along  the  prism  planes  (lOTo).  A  rise  In  the  temperature  to  500“  in¬ 
volves  a  considerable  decrease  of  the  cleaving  stress  along  the  prism 
planes  sind  an  Insignificant  increase  of  the  sliding  stress  along  the 
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basis.  The  high  increase  in  plasticity  is  connected  with  the  decreace 
of  the  tendency  to  slide  along  the  basis,  a  favored  sliding  along  the 
prism  plane,  and  an  lihlblted  twinning.  Sliding  along  the  planes  (lOTx) 
of  the  pyramlde  occurs  at  high  temperatures  also. 

An  Intense  distortion  of  the  lattice  and,  therefore,  brittleness 
caused  by  the  presence  of  dissolved  oxygen,  nitrogen,  hydrogen  or  car- 
bon  must  occur  due  to  the  small  size  of  the  beryllium  atom  (2.22  A). 

Sliding  deformation  proceeds  most  readily  along  the  planes  with 
the  highest  atom  density  and  the  greatest  interplanar  spacings.  The 
ratio  c/a  of  the  crystal  axes  of  beryllium  is  equal  to  1.568,  l.e., 
it  is  considerably  lower  than  that  of  an  ideal  crystal  (1.663).  Com¬ 
pression  along  the  £  aocls  reduces  the  interplanar  spacing  and  the  pack¬ 
ing  density  on  the  basis  planes,  which,  therefore,  must  not  be  sliding 
planes.  Interstitial  atoms  especially  oxygen  atoms,  are  concentrated 
close  to  the  prism  plane  and  oppose  the  sliding  along  this  plane.  Slid¬ 
ing  along  the  prism  plane  (lOTo),  therefore,  only  becomes  prevalent 
when  the  purity  of  the  system  is  increased.  An  Increased  purity ’of 
beryllium  reduces  the  cleaving  stress  for  sliding  along  a  prism  plene 
to  a  value  lower  than  that  needed  for  sliding  along  a  basis,  resulting 
in  an  increased  plasticity  of  the  beryllium. 

Due  to  the  fact  that  only  a  limited  number  of  deformation  mechan¬ 
isms  are  possible  in  beryllium,  euiy  prevalent  orientation  will  strong¬ 
ly  effect  the  mechanical  properties.  The  methods  to  Increase  the  plas¬ 
ticity  of  beryllium  by  forming  a  texture  are  based  on  this  fact.  Be¬ 
cause  of  the  fact  that  the  sliding  occurs  predominantly  along  the 
basis  plane,  it  is  necessary  that  the  latter  is  situated  parallel  to 
the  direction  of  the  dllatloi  when  a  highly  plastic  material  is  desired. 
A  high  plasticity  is  realizable  also  in  the  case  when  the  (lOTo)  planes 
are  perpendicular  to  the  axis  of  the  force  because  a  double  shift  takes 
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place.  If,  however,  the  (1120)  planes  are  perpendicular  to  the  axis  of 
the  force,  only  the  (1010)  planes  will  take  part  in  the  sliding  mechan¬ 
ism,  and  a  poorer  plasticity  occurs. 

Reducing  the  grain  size  Is  one  of  the  methods  used  to  Increase  the 
plasticity  of  beryllium.  The  use  of  a  finer  ground  powder  Is  almost  the 
only  method  of  obtaining  a  fine  grain;  an  Increase  In  the  content  of 
o -Ide  occurs  In  this  case,  which  limits  the  application  of  this  method. 

Attempts  to  Improve  the  plasticity  of*  beryllium  by  alloying  in  or¬ 
der  to  realize  a  deoxidation,  to  stabilize  the  P  phase,  to  reduce  the 
grain  size  In  the  Ingot,  to  obtain  solid  solpt^on^,  and  tc  Increase  Ihe 
Interplanar  spacing  have  not  been  successful. 

A  certain  amount  of  success  In  Increasing  the  plasticity  of  beryl¬ 
lium  was  attained  In  special  cases.  One  method  succeeded,  for  example. 
In  attaining  an  elongation  up  to  1405^  (under  a  certain  slope  of  the 
basis  plane  to  the  axis  of  dilation)  by  refining  a  beryllium  singly- 
crystal  by  zone  melting;  the  total  sliding  deformation  was  22C^  In 
this  case. 

Long  annealing  of  beryllium  (at  60O-890® )  has  a  favorable  effect 
on  the  plasticity  of  beryllium  at  higher  temperatures,  especially  on 
tit£.t  of  the  extruded  cast  metal.  A  peak  of  plasticity  Is  net  observable 
In  this  case,  and  an  elongation  of  about  705^  Is  attainable  Instead  of 
the  normal  10-l25f. 

For  Information  on  the  plasticity  of  commercial  beryllium  produced 
by  various  technological  methods  see  Beryllium. 

References:  Berillly  [Beryllium],  edited  by  D.  White  and  J.  Berk, 
translated  from  Engllsi.,  Moscow,  i960,  pages  326-^46;  Darwin,  G.E., 
Buddery,  J.H. ,  Beryllium,  London,  I96C;  Conference  on  the  Metallurgy  of 
Beryllium,  London,  196I. 

S . B .  Kos  togarov 
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BRITTLENESS  OP  STEEL  on  wetting  by  low-melting  metals  -  Is  a 
strong  reduction  of  the  plasticity  and.  In  many  cases,  also  of  the 
strength  at  the  moment  when  the  surface  of  a  stressed  steel  Is  wet  with 
molten  low>meltlng  metals.  The  contact  of  the  steel  with  a  molten  metal 
coating  may  cause  the  strength  to  drop  below  the  value  of  the  external 
and  Internal  stresses  (taking  Into  account  the  stress  concentration) 
and  result  In  a  brittle  failure;  this  effect  is  observable  not  only 
with  steel  but  also  with  many  other  metals.  It  was  found  that  thi'-  type 
of  brittleness  occurs  In  those  cases  where  the  basic  and  the  surface 
metal  are  either  mutually  insoluble  or  possess  only  a  very  small  region 
of  solubility.  Metals  forming  a  solid  solution  with  the  basic  metal 
do  not  cause  brittleness.  The  physical  nature  of  the  brittleness  of 
steel  Is  explained  by  an  adsorptlonal  penetration  of  the  molten  metal 
coating  Into  the  zone  of  a  pre-existing  defect,  by  a  lowering  of  the 
surface  energy,  and  by  a  decrease  of  the  tensile  strength  (see  Reblnd- 
er*s  effect).  Brittleness  of  steel  at  relatively  low  temperatures  oc¬ 
curs  In  practice  most  frequently  when  molten  low-melting  solders  and 
also  when  tin  or  cadmium  come  Into  contact,  with  the  steel.  The  low- 
melting  metals  usually  penetrate  Into  the  cracks  which  are  formed  on 
the  surface  as  the  steel  object  Is  Injured  by  wetting.  This  character¬ 
istic  may  be  utilized  to  distinguish  this  type  of  destruction  from 
other  types.  When  the  molten  coating  fill.';  only  a  part  of  the  crack, 
the  other  part  not  being  protected  by  the  coating,  acquires  the  temper 
color  which  corresponds  to  the  given  temperature.  The  oxidized  sec¬ 


tion  of  the  crack  (or  the  failure)  is  very  often  mistaken  for  an  Inter- 
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nal  flaw  of  the  part  euid  for  the  cause  of  the  fracture. 

A  contact  between  steel  and  a  solid  or  solidified  metal  coating 
Is  almost  harmless  (when  Ignoring  the  hydrogenatlai  during  electropla¬ 
ting)  ;  therefore.  If  no  cracking  or  failure  occurs  during  soldering  or 
other  cases  of  contact  of  stressed  steel  with  molten  coatings,  a  brit¬ 
tleness  will  not  take  after  the  solidification  of  the  coating.  The  ef¬ 
fect  of  molten  coatings  or  the  strength  of  steel  becomes  more  signifi¬ 
cant  at  higher  temperatures,  and  the  effect  of  the  molten  coating  also 
becomes  more  significant  when  the  tensile  strength  of  the  steel  Is  In¬ 
creased.  The  presence  of  notches,  changes  In  the  cross  sectlcai  with  a 
small  radius,  and  other  stress  concentrators  strongly  affect  the  ten¬ 
dency  of  steel  to  yield  to  this  type  of  brittle  failure.  Thus,  for  ex¬ 
ample,  the  destructive  bendLng  load  of  a  specimen  of  30KhGSA  steel 
(d^  =  120  kg/mm  )  with  a  diameter  of  19  mm  and  a  2  mm  deep  circular 
notch  with  an  angle  of  90*  «nd  an  apex  radius  of  0. 1  mm  was  equal  to 
12,000  kg  at  300*,  but  only  1500  kg  when  coated  with  tin. 

The  thickness  of  the  molten  coating  does  not  affect  the  brittle¬ 
ness  of  the  steel,  therefore,  the  brittleness  appears  In  practice  in 
the  case  of  electroplatings  frequently  with  a  thickness  of  only  a  few 
U  when  the  steel  part  works  at  a  temperature  which  is  higher  than  the 
melting  point  of  the  coating;  a  brittle  failure  of  holts  and  other 
threaded  parts  electroplated  with  cadmium  occurs  after  heating  them 
above  321*  (the  melting  point  of  cadmium).  These  failures  occur  undex’ 
the  action  of  both  the  working  stress  and  stresses  generated  by  the 
previous  tightening  of  the  bolts  during  the  assembly.  Internal  stresses 
generated  by  dressing  the  parts  after  the  heat  treatment,  or  by  making 
local  hollows,  nicks  and  marks  are  frequently  sufficient  to  cause  the 
destruction  of  steel  parts  by  molten  coatings.  Application  of  an  elec¬ 
troplated  underlayer  with  a  higher  melting  point,  of  copper,  for  exam- 
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pie,  may  somewhat  decrease  the  brittleness  of  steel. 

Although  the  brittle  fracture  caused  by  a  molten  metal  coatlnr. 
occurs  along  the  grain  boundaries,  a  diffusion  of  the  low-melting  coat¬ 
ings  Into  the  steel  does  not,  as  a  rule,  take  place.  The  brittleness 
Is  caused  In  some  cases  by  the  diffusion  of  the  surface  metal  along 
the  grain  boundaries.  This  type  of  brittleness  occurs  at  relatively 
high  temperatures  In  contrast  to  the  brittleness  connected  with  the 
"Reblnder  effect,”  and  It  does  not  disappear  after  the  solidification 
of  the  coating.  This  type  of  brittleness  appears  In  practice  when 
using  molten  zinc,  either  as  the  result  of  the  hardening  heating  of 
zinc-plated  parts  (frequently  after  the  second  heating)  or  of  the  hard¬ 
ening  heating  of  parts  of  stainless  steel  stamped  in  dies  made  fxom  a 
zinc -containing  alloy. 

References ;  Potak,  Ya.M. ,  Khrupklye  razrushenlya  stall  1  stal'nykh 
detaley  (Brittle  Failures  of  Steel  and  of  Steel  Parts],  Moscow,  1935. 


Ya.M.  Pcta.< 


BRITTLE  TEMPERATURE  -  is  the  temperature  below  which  the  material 
undergoes  a  brittle  failure  while  not  displaying  any  appreciable  resid¬ 
ual  deformation.  Cold-short  metals  survive  a  plastic  deformation,  the 
plastics,  however,  a  forced-elastic  deformation  above  the  brittle  tem¬ 
perature.  This  may  be  explained  by  the  fact  that  the  yield  stress  (of 
metals)  or  the  limit  of  the  forced  elasticity  (of  polymers)  decreases 
at  rising  temperature  and  becomes  smaller  above  the  brittle  tempera¬ 
ture  than  the  tensile  strength.  The  brittle  temperature  Is  a  conditlcn- 
al  terra  because  It  depends  on  the  test  conditions:  on  the  strain  condi¬ 
tions,  on  the  type  of  the  stressed  state,  on  the  size  of  the  specimen, 
and  on  other  factors.  A  comparison  of  different  materials,  therefore, 
must  be  carried  out  under  similar  test  conditions.  The  brittle  teinper- 
ature  depends  not  only  on  the  type  of  the  material  but  also  on  Its 
structure,  especially  In  the  case  of  metal  alloys  and  solid  polymers. 
The  brittle  temperature  of  polymers  lowers  when  the  orientation  of  the 
molecules  is  increased. 

References:  Kargin,  V.A.,  Slonlmskly,  G.L. ,  Kratklye  c^herkl  po 
fizlkc-khlmll  polimerov  [Short  Ersay.^  on  the  Physical  Chemistry  of 
Pc 1 y me rs ' ,  Mos cow,  1 9t C . 


G.M.  Bnrtenev 
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BRIZOL  --  see  Bituminous  material  r. 
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BRONZE  ”  an  alloy  based  on  copper  alloyed  with  various  elements; 
copper-zinc  alloys  are  called  brasses.  Other  exceptions  are  copper-man¬ 
ganese  alloys  containing  ~85^  Cu,  which  are  called  manganlns,  and  cop¬ 
per-nickel  alloys  containing  Cu,  which  are  called  cupronickels. 

Bronze  readily  undergoes  pressure  working  and  many  types  are  produced 
In  strips,  sheets,  bars,  and  wire.  It  Is  also  an  excellent  casting  ma¬ 
terial  and  Is  used  In  engineering  and  the  x’ine  arts.  Bronze  Is  corro¬ 
sion-resistant  under  atmospheric  conditions,  In  aqueous  solutions  of 
salts  and  organic  compounds.  In  salt  water,  and  In  superheated  steam. 
Beryllium  bronzes  and  Aluminum  bronzes  have  an  especially  high  corro¬ 
sion  resistance.  The  properties  of  bronze  exhibit  little  change  at  tem¬ 
peratures  of  up  to  300°  and  special  bronzes  are  suitable  for  working  at 
500-600“.  Aluminum  and  tin  bronzes  are  the  most  widely  used  In  practice. 

Aluminum  bronzes  are  distinguished  by  high  strength  and  plasticity 
and  are  consequently  used  for  structural  components  In  machine  building 
(fasteners,  brackets,  flanges,  etc.).  They  have  good  casting  properties, 
permit  pressure  working  (especially  when  hot),  and  are  readily  cut.  The 
properties  of  aluminum  bronzes  include;  =  40-65  kg/mm  i  cTq  2  ~ 
kg/mm^;  E  =  10,000-12,000  kg/mmg;^  =  5-15^;  =  20-30  kg/fem^;  HB  = 

=  140-220  kg/mm^. 

Tin  bronzes  have  a  rather  high  strength  and  good  antifriction 
characteristics  and  durability.  They  are  very  useful  technologically 
and  are  produced  as  bars,  tubes,  strips,  bands  0. 1  mm  thick,  sheets, 
and  wire.  They  are  used  for  critical  components  vttch  must  function  un¬ 
der  friction,  wear-resistant  screening,  etc.  Special  casting  tin  bron- 
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zes  are  used  In  the  manufacture  of  bearings.  The  properties  of  tin 
bronzes  Include:  =  30-45  kg/mm^;  2  ~  15“'25  kg/mm^;  E  =  10,000- 

11,000  kg/mm^j  6  =  10-20^;  =  18-22  kg/mm^;  HB  =  8O-150  kg/mm^. 


Principal  Types  of  Bronze,  According  to  GOST 
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1)  Tin-free  shaping  and  casting  bronzes  (GOST  493-54  and  I789-6O) ;  2) 
tin  bronzes;  3)  shaping  (GOST  5017-49);  4)  casting  (GOST  613-50);  5) 
secondary  casting  (GOST  614-50) ;6)  BrA5;  7)  BrA7;  8)  BrAZhS7-l.  5-1. 5 
(for  casting);  9)  BrAZh9-4;  lo)  BrAMts9-2;  11 )  BrAZhMtslO-3-1. 5 :  12) 
BrAZhNlO-4-4 :  13)  BrAZhNll-6-6  (for  casting  only);  l4)  BrB2;  15) 
BrBNTl.9;  16)  BrBNTl.7;  1?)  BrKNl-3;  I8)  BrKI«lts3-l;  19)  BrMts5;  20) 
BrS30  (for  plating  steel);  21)  BrSN60-2. 5  (for  casting  only);  22) 
BrOP6.5-0.15;  23)  Br0F4-0.25;  24)  BrOTs4-3;  25)  BrOTsS4-4-2. 5;  26) 
BrOTsS4-4-4;  27)  BrOTsSN3-7-5-l;  28)  BrOTsS3-:2-5;  29)BrOTsS5-5-5;  30) 
BrOTsS6-6-3;  31)  BrOTsS4-4-17;  32)  BrOTsS3. 5-6-5;  33)  BrOTsSN3-8-4-l ; 
34)  BrOTsS3-13-4;  35)  BrOTsS5-6-5;  36)  BrOTsS6-7-3;  37)  BrOTsS4-8-5. 


The  new  technology  has  found  applications  for  hlgh-elasticlty 

beryllium  bronzes,  thermally-  and  electrically-conductive  chromium 

bronzes,  etc.  The  ultimate  strength  of  heat-treated  beryllium  bronzes 

2 

reaches  130-140  kg/mm  ,  v/hile  their  yield  strength  reaches  110-120  kg/ 

2 

/mm  .  These  bronzes  are  distinguished  by  tilgh  plasticity  when  quenched, 
which  means  that  the  '  ar*:  cas'Lly  formed  during  the  manufacture  of 
stampings  from  thin  sheets.  Tempering  gives  such  components  strength 
and  elasticity.  Beryllium  bronzes  are  employed  for  elastic  elements 
in  the  manufacture  of  precision  instruments  (flat  and  helical  springs, 
membranes,  sllfons,  spring  contacts,  etc.);  thelx-  thermal  and  electri- 
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cal  conductivity  is  quite  low  (X  =  0.25  cal/cm*sec»°C,  p  =  0.08  ohin»mfri  / 
/m). 

Bronzes  with  a  high  thermal  and  electrical  conductivity  contain 
no  less  than  98.5^  Cu  and  small  quantities  of  alloying  elements  with  a 
low  solubility  in  solid  copper.  Such  alloys  as  the  chloride  bronze 
BrKhO.5  and  cadmium-copper  have  a  X  =  0.8  cal/cm^seC'^C  at  600“and  a 

O 

p  =  0.02  ohm •mm  /m  at  20®.  Special  hlgh-hot-strength  thermally  conduc¬ 
tive  bronzes  (X  =  0. 5-0.6  cal/cm»sec*®C)  have  high  strength  at  elevated 
temperatures.  On  loading  for  30  min  at  6OO®  the  hardness  of  cadmium- 
copper  is  8  kg/mm^,  that  of  BrKhO.5  is  20  kg/mm^,  that  of  VBrl  is  40 
kg/mm^,  and  that  of  MTs3  is  ^5  kg/mm^. 

Lead  bronzes  and  Antimony  bronzes,  which  have  high  antifriction 
characteristics,  are  excellent  bearing  materials  for  friction  units. 

They  can  withstand  high  specific  pressures  and  sliding  speeds  without 
grabbing  and  are  suitable  for  operation  in  low-viscosity  media  and  at 
elevated  temperatures  (200-300®). 

These  metals  can  be  divided  into  Shaping  bronzes  and  Casting  bron- 
zes.  Casting  bronzes  also  Include  tin  Secondary  bronzes,  which  are  man¬ 
ufactured  from  remelted  worn-out  components  and  other  scrap. 

The  trademark  of  every  bronze  begins  with  the  letters  Br,  followed 
by  the  initial  letters  of  the  alloying  elements  and  figures  correspond¬ 
ing  to  their  percentage  content  in  the  alloy.  The  letters  and  figures 
are  usually  arranged  in  order  of  descending  alloying-element  contmt. 

For  example,  the  alumlnum-lron-manganese  bronze  containing  10%  Al,  3$^ 

Pe,  and  1.55^  Mn  has  the  trademark  BrAZhMtslO-3-1. 5>  while  the  tin-phos¬ 
phorus  bronze  containing  6.55^  Sn  and  0.13%  P  has  the  trademark  BrOF6.5- 
0.15.  The  table  shows  the  principal  types  of  bronze  established  by  the 
COST. 

During  the  production  of  bronzes  they  may  be  conta^'lnated  with 
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various  impurities  from  the  charge  and  the  atmo^here:  these  are  both 
metallic,  principally  from  the  scrap  and  casting  wastes,  and  organic, 
from  production  wastes  (the  various  lubricants  employed  in  pressure 
working  and  cutting).  The  most  detrimental  Impurities  are  those  which 
promote  formation  of  gas  bubbles  in  castings  or  make  the  alloy  brittle 
and  give  It  a  tendency  to  crack  during  pressure  working.  Prime  among 
these  are  bismuth,  lead,  antimony,  arsenic,  oxygen,  Iron,  and  silicon. 
Oxygen,  which  Is  found  In  copper  as  cupric  oxide,  causes  formation  of 
oxides  of  readily  oxidized  metals,  such  as  aluminum  and  zinc.  The  pre¬ 
sence  of  these  metals  In  bronze  reduces  Its  quality.  The  oxygen  content 
of  copper  Is  consequently  strictly  regulated  (GOST  859-4l);  moreover, 

In  making  the  melt  the  copper  must  be  reduced  before  the  remainder  of 
the  charge  Is  added.  Impurities  of  low-melting  bismuth  and  lead,  which 
are  insoluble  In  solid  copper,  take  the  form  of  independent  Inclusions, 
often  lying  along  the  grain  boundaries.  These  Inclusions  melt  v/hen  the 
Ingot  is  heated  before  pressure  working  and  make  the  bronze  hot-short. 
Impurities  of  antimony,  arsenic,  and  sulfur,  which  foim  Intermetallic 
compounds,  lead  to  brittleness  during  pressure  working. 


Chemical  Composition  of  Secondary  Tin  Bronzes  (GOST 
614-50) 
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*The  total  SI  and  A1  should  not  exceed  0.02$^.  A 
N1  content  of  1.5^  (with  respect  to  the  copper  con¬ 
tent)  Is  permissible  In  all  bronzes. 
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l)  Alloy  and  marking;  2)  principal  elements  (^)j  3)  Impurities  (^6, 
no  more  than);  4)  total  Impurities;  5)  application;  6)  BrOTsSN3- 8-4-1 
(black  band);  7)  BrOTsS3-13-4  (green  band);  8)  BrOTsS5-6-5  (red  band); 

9)  BrOTsS6-7-3  (white  band);  10)  BrOTsS4-o-5  (blue  band);  11)  remainder; 
12)  charge  material  for  BrOTsSN3-7*-5-l  bronze;  13)  charge  material  for 
BrOTsS-3-12-5  bronze;  14)  charge  material  for  BrOTsS5-5-5  and  Br0rsS4- 
4-17  bronzes;  15)  charge  material  for  BrOTsS6-6-3  bronze;  l6)  charge 
material  for  BrOTsS3. 5-6-5  bronze. 


Chemical  Composition  of  Tin  Bronzes  for  Artistic 
Casting  (GOST  4116-48) 
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1)  Alloy;  2)  principal  elements  (j6);  3)  Impurities  no  more  than); 

4)  total  Impurities;  5)  application;  6)  BKh;  7)  remainder;  8)  statuary 
casting;  9)  large  decorat5ve  castings;  10)  small  decorative  castings. 

Impurities  of  Iron  exceeding  0.02-0.05^  are  detrimental  to  pres¬ 
sure-worked  tin  bronzes,  since  they  reduce  their  technological  charac¬ 
teristics  and  corrosion  resistance.  The  presence  of  more  than  0.3JJ  Iron 
In  silicon  bronzes  reduces  their  corrosion  resistance.  Iron  is  a  com¬ 
ponent  of  aluminum  bronzes.  Other  detrimental  Impurities  In  tin  bronzes 
include  aluminum, magnesium,  and  silicon,  which  are  vigorously  oxidized 
to  form  oxide  films  that  often  lie  along  the  grain  boundaries  and  re¬ 
duce  the  density  and  sometimes  the  strength  of  castings.  Strict  re¬ 
strictions  have  been  established  on  the  contents  of  a  number  of  Impuri¬ 
ties  for  tin  and  tin-free  bronzes.  The  total  Impurity  content  for  cast¬ 
ing  bronzes  Is  substantially  higher  (see  Structural  shaping  bronze). 

References:  Smlryagln,  A. P. ,  Prcmyshlennyye  tsvetnyye  metally  1 
splavy  [Commercial  Nonferrous  Metals  and  Alloys),  2r^  Edition,  Moscow, 
1956;  Gorshkov,  I. Ye.,  Llt'ye  slltkov  tsvetnykh  metallov  1  splavov 
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[Casting  of  Nonferrous  Metals  and  Alloys],  2nd  Edition,  Moscow,  1952. 


O.Ye.  Kestner 
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BRONZE  BARS  —  semifinished  products  manufactured  from  various 
types  of  bronze  (tin,  tin-free,  aluminum,  silicon,  cadmium,  chromlum- 
zlnc  and  beryllluiL  bronzes).  Such  bars  can  be  classified  according  to 
cross-section  (as  round,  rectangular,  or  hexagonal)  and  according  to 
production  method  (as  drawn,  pressed,  or  rolled).  Bronze  bars  are  pro¬ 
duced  to  the  following  machlnlng-preclslon  classes:  round  drawn  bars  — 
3a  (OST  NKM  1027),  ^  (0ST1024)  and  5  (0ST1025);  round  pressed  bars  - 
7,  8,  9  (OST  1010),  and  precision  group  10;  round  rolled  bars  —  9  (OST 
1010)  and  precision  group  10;  square  and  hexagonal  drawn  bars  —  (OST 
102^4)  and  5  (OST  1025);  pressed  bars  -  7  and  8  (OST  1010). 

Round  pressed  bars  with  diameters  of  from  l6  to  l6o  mm  are  fabri¬ 
cated  from  tin-free  bronzes  of  type  BrAMts  9-2,  BrA2h9-^,  BrAZhMtslO-3- 
1.5,  BrAZhNlO-4-4,  BrKMts3-l,  BrKNl-3  In  accordance  with  GOST  1628-6C 
(to  precision  classes  8  and  9);  pressed  square  bars  no  less  than  500  mm 
long  are  produced  from  BrAZh9-^  (IcC  ±  3  mm  cn  each  side)  In  accordance 
with  TTsM01319-5^;  round  drawn  bars  ranging  from  5  to  ^0  mm  in  diameter 
are  fabricated  from  BrAMts9-2  and  BrKMts3-l  bronzes  (to  precision 
classes  U  and  5);  square  and  hexagonal  drawn  bars  with  nominal  Inscrib¬ 
ed-circle  diameters  of  from  5  to  38  mm  are  produced  from  BrKMts3-l 
bronze  (to  precision  classes  ^  and  5).  Bars  are  manufactured  from 
BrNA13-3  nickel-aluminum  bronze  in  accordance  wltn  TsMTU  3^^3-53  and 
are  intended  for  components  with  increased  strength  and  heat- resistance 
to  be  employed  In  various  areas  of  machine  building.  Round,  square, 
and  hexagonal  drawn  bars  ranging  from  6  to  32  mm  In  diameter  and  from 
1  to  -  mm  in  length  are  produced  from  BrB2  beryllium  bronze  in  accerd- 
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ance  with  TsMTU  27^-^l;  round  drawn  bars  with  diameters  of  from  '■j  to 
40  mm  (precision  classes  4  and  5)  and  pressed  bars  with  diameters  of 
from  20  to  120  mm  are  fabricated  from  tln-zlnc  bronze  In  accordance 
with  GOST  65II-6O.W  Bars  of  chromlum-zlnc  and  cadmium  bronzes  are  uced 
In  the  manufacture  of  welder  electrodes. 

O.Ye.  Kestner 


BRONZE  PIPES.  Extruded  thln-walled  bronze  pipes  are  made  from  the 
BrAZhMts  10-3-1.3  and  BrAZhNlO-4-4  aluminum  bz^onzes  (OOST  1208-34).  The 

TABLE  1 

Dimensions  of  Special  Pur¬ 
pose  Extruded  Bronze  Pipes 
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1)  Alloy;  2)  TO;  3)  outside  diameter  (mn);  4)  wall  thickness  (nan);  5) 
BrAZhMts  10-3-1.3;  6)  TO  TsMO;  7)  BrAZhNlO-4-4;  8)  Inside  diameter;  9) 
bronze  with  N1  (MN  95-5). 


TABI£  2 

Mechanical  Properties  of  Bronze  Pipes 
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l)  Alloy;  2)  pipes;  3)  OOST  or  TO;  4)  dlamt  er  or  thickness;  5)  (kg/ 
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/mn^);  6)  Br0P4-0. 25;  7)  cold -drawn;  8)  rigid  flat  oval;  9)  OOST:  10) 
wall  thickness;  same  as  above;  12)  soft  oval;  13)  hard  round;  14)  TsMT- 
0;  15)  soft  round;  l6)  hard;  1?)  hard  oval  manometer;  l8)  TU  TsMO  1507- 
4l;  19)  hard  oval;  20)  BrAZhMts  10-3-1.5;  21)  pressed;  22)  diameter; 
outside  4o8,  Inside  25O;  23)  outside  diameter  50-200,  wall  thickness  5- 
24)  outside  diameter  6O-25O,  wall  thickness  12.5-30;  25)  BrAZhN  10- 
4-4;  26)  outside  diameter  50-220,  wall  thickness  5-50;  27)  outside  di¬ 
ameter  200-240,  wall  thickness  2O-I5. 


dimensions  of  special  purpose  extruded  pipes  are  given  in  Table  1. 
Thin-walled  drawn  tubes  are  made  from  the  BrOP4-0. 25  tin -phosphorus 
bronze  with  round  and  oval  cross  sections  (Table  2).  Bronze  pipes  of 
other  dimensions  are  made  on  the  basis  of  special  technical  specifica¬ 
tions  (see  Instrument  Shaping  Bronze »  Beryllium  Bronze). 

O.E.  Kestner 
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BRCaJZE  SHEET  AND  STRIP  are  produced  by  cold  and  hot  rolling.  Sheet 
is  made  from  all  grades  of  bronze,  strip  is  made  from  tin  bronze,  alu¬ 
minum  bronze,  beryllium  bronze  and  silicon -manganese  bronze.  The  di¬ 
mensions  of  the  cold-rolled  and  hot -rolled  sheets,  and  also  the  perais- 
sible  deviations  in  thickness  as  a  function  of  the  width  are  establish¬ 
ed  by  COST  4124-48.  The  minimal  thickness  of  the  cold-rolled  sheets  is 
0.5  mm  (with  permissible  deviations  of  0.07  mm  for  sheet  width  to  500 
mm,  and  0.09  mm  for  sheet  width  to  710  mm).  The  greatest  thickness  of 
the  sheet  is  10  mm,  the  greatest  width  is  1000  mm,  length  varies  from 
1400  to  2000  mm.  The  hot -rolled  sheets  have  thickness  from  2  to  25  mm 
and  width  from  600  to  30OO  mm  (with  thickness  from  8  mm).  The  sheet 
length  varies  from  1000  to  6OOO  mm. 

Strip  made  from  the  tin,  aluminum  and  silicon -manganese  bronzes 
are  produced  in  the  soft  (ennealed)  condition,  and  those  from  berylllur 
bronze  are  produced  in  the  solution  treated,  hard  (strain  hardened)  and 
extra-hard  (with  greatest  percentage  of  strain  hardening)  conditions. 
The  strip  differs  from  the  sheet  primarily  in  thickness,  its  uses  are 
the  same  as  for  the  sheet  (see  Bronze  Strip).  The  GOST  and  specifica¬ 
tions  used  in  the  production  of  the  strip,  and  the  dimensions  as  well, 
are  shown  in  the  Table.  For  the  mechanical  properties  of  the  strips  see 
article.  Wrought  Spring  Bronze. 
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Dimensions  of  Bronze  Strip  (limits) 
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BRONZE  STRIP  is  produced  fron  aluminum,  beryllliam,  tln~phosphor, 
tin-zinc,  silicon,  and  manganese  bronzes.  It  is  delivered  in  the  soft. 


Thickness  of  Bronze  Strip 
(limits) 
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1)  Alloy;  2)  OOST  or  TO;  3) 
thickness  (mm);  4)  beryllium 
bronzes;  15)  BrB2,  BrBWTO. 9a 
BrBNTl.?;  o)  sill con -mangan¬ 
ese  bronze  BrKMts3-l;  7)  tin- 
phosphorus  and  tin-zinc 
bronzes;  BrOP6.5-0.15;  8) 
Br0F4-0.25;  9)  BrOP6.5-0.4; 
10)  Br0TsS4-4-2.5;  ll)  alumi¬ 
num  bronzes;  BrA5*  BrA7;  12) 
BrAMts9-12;  13)  OOST;  l4) 
UTeTY;  15)  TsMTU. 


hard  and  half -hard  conditions.  Bronze  strip  is  used  for  springs,  flexi¬ 
ble  contacts  of  the  sensitive  elements  of  Instruments  and  apparatus, 
and  also  for  details  which  must  have  corrosion  resistance  and  wear  re¬ 
sistance  which  are  intended  for  precision  instrument  construction  and 

machine  construction,  electrotechnical  and  other  branches  of  Industry. 
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Bronze  strips  are  produced  with  width  from  10  to  600  mm^  the  strip  of 
thickness  from  O.O5  to  0. 09  mm  having  a  width  up  to  175  mm  and  the 
strip  of  thickness  0.5  mm  and  more  having  widths  starting  at  20  mm. 

Most  of  the  strip  has  a  length  of  no  less  than  2000  mm.  The  government 
standards  and  the  tecnnlcal  specifications  under  which  the  bronze  strip 
is  produced  and  the  limiting  thicknesses  are  presented  in  the  Table. 

O.Ye.  Kestner 
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BRONZE  STRIPS  —  manufactured  from  tin,  aluminum,  and  slllcon-man- 
ganese  bronze  in  the  soft  (annealed)  condition,  and  from  beryllium 
bronzes  in  the  tempered  (hard,  cold-worked),  and  in  the  petrtlularly 
hard  state  (with  maximum  percent  of  cold  working).  Bronze  strip  differs 
from  bronze  ribbon  in  dimensions,  chiefly  the  thickness,  although  strip 
is  designed  for  roughly  the  same  purpose  as  ribbon  (see  Bronze  ribbon). 
The  GOST  and  TU  governing  bronze  strip,  as  well  as  the  dimensions,  are 
given  in  the  article  Bronze  sheet  and  strip.  The  mechanical  properties 
of  bronze  strip  are  given  in  the  article  Deformable  spring  bronze. 


O.Ye.  Kestner 
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BRONZE  WIRE.  This  wire  Is  produced  from  various  types  of  bronze 
and  with  round,  rectangular,  and  square  cross-sections.  Round  bronze 
wire  is  manufactured  from  beryllium  bronze  and  Is  used  for  springs, 
electrical  components,  and  metallic  screening^  wire  produced  from 
BrKMts3“l  silicon-manganese  bronze  is  used  for  springs  and  elastic  com¬ 
ponents  with  high  corrosion  resistance  (GOST  5222-50);  wire  produced 
from  BrOF6.5“0.4,  BrOF6. 5-0. 15,  and  BrOTs4-3  tin  bronzes  are  employed 
for  springs  euid  coverings  for  flexible  hose.  Rectangular  and  square 
wire  for  special  springs  Is  manufactured  from  these  bronzes  In  accord¬ 
ance  with  GOST  5221-50,  MPTU  2632-50,  TU  GTsMO  325-^6  and  330-46.  Beryl¬ 
lium-bronze  wire  Is  produced  In  accordance  with  TsMTU  673-41.  For  the 
mechanical  characteristics  of  bronze  wire  see  the  articles  entitled 
Spring  shaping  bronze  and  Beryllium  bronze. 

O.Ye.  Kestner 


548 


BRONZOGRAPHITE  -  a  porous  cermet  consisting  of  bronze  and  graphite 


particles  uniformly  distributed  between  the  metallic  crystals;  the 
pores  of  the  material  are  oll-fllled.  It  Is  produced  In  the  form  of 
bushings,  which  are  used  as  sliding  bearings.  In  many  cases  the  pre¬ 
sence  of  oil  In  the  pores  of  the  material  permits  the  use  of  bearings 
without  forced  lubrication.  The  unusual  structure  of  bronzographlte 
(the  presence  of  graphite  and  oll-fllled  pores)  ensures  a  very  low  co¬ 
efficient  of  friction,  high  durability,  and  the  ability  to  function  at 
high  sliding  speeds.  The  chemical  composition  of  bronzographlte  Is  as 
follows;  copper  —  base,  tin  —  8.5-9. and  graphite  —  1.5-3*OJ^.  The 
porosity  of  this  material  ranges  from  20  to  255^,  while  its  oil  absorp¬ 
tion  varies  from  2  to  The  table  shows  the  properties  of  the  bronzo¬ 
graphlte  produced  in  the  USSR. 
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l)  Property;  2)  unit  of  measurement;  3)  Index;  4)  dens  It v;  5)  relative 
shrinkage  on  compreslon;  6)  X  over  the  range  100-600'*;  7)  a«10®  over 
the  range  20-800°;  8)  coefficient  of  i'rlctlon  over  steel  without  forced 
lubrication;  9)  coefficient  of  friction  over  steel  with  forced  lubrl- 

q  p  p 

cation;  lO)  g/cm^;  ll)  kg/mm  ;  12)  the  same;  13)  kg-m/cm*^;  l4)  cal/cm» 
•sec»°C. 
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The  working  temperature  of  bronzographite  Is  75-80®,  while  the 
maximum  permissible  stress  is  6O-8O  kg/cm^  at  a  sliding  speed  of  20 
m/sec.  This  material  is  used  in  the  friction  units  of  machine  tools, 
automobiles,  tractors,  aircraft.  Instruments,  etc.  See  Antifriction 
cermets. 

References:  Bal'shln,  M.Yu. ,  Poroshkovaya  metallurglya  [Powder 
Metallurgy],  Moscow,  1948;  Rakovskly,  V.S.  and  Sakllnskiy,  V.V. ,  Metal- 

lokeramlka  v  mashlnostroyenli  [Ceiroets  in  Machine  Building],  Moscow, 
lQ‘i6 

V.S.  Rakovskly 
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BRUCITE  —  a  mineral,  the  natural  hydroxide  of  magnesium  (Mg[0H]2); 
It  Is  white,  brown,  greenish,  or  colorless  and  has  a  specific  gravity 
of  2. 3-2. 4,  a  Mohs  hardness  of  2.5»  a  heat  capacity  (at  35")  of  0. 311 
cal/g,  and  a  coefficient  of  themal  expansion  which  varies  In  differ¬ 
ent  crystallographic  directions:  4.47  ±  0.02  x  10”^  1  (0001)  and  1.10  + 

i;  _ 

+0.15  X  10  1  (1010).  Bruclte  becomes  lighter  In  color  when  heated; 

when  cooled  after  heating  It  has  piezoelectric  properties,  the  ends  of 
the  crystals  lying  In  the  (0001)  direction  being  charged  negatively  and 
the  sides  of  the  crystals  positively.  There  are  two  polymorphous  varie¬ 
ties  of  bruclte,  laminar  and  fibrous  (namallte).  Nemalite  can  be  polar¬ 
ized  by  electric  waves.  Bruclte  Is  found  naturally  In  monomineral  de¬ 
posits  or  In  bruclte  marbles  in  conjunction  with  Calclte  (CaCO^)  and 
dolomite  (CaMg  [002)2) •  used  In  the  production  of  magnesia  com¬ 

pounds  and  metallic  Mg.  In  Canada  bruclte  marbles  are  used  In  the  man¬ 
ufacture  of  slate  lime  and  granulated  magnesia  In  both  the  chemically 
active  and  dead-burned  forms.  Chemically  active  magnesia  Is  used  in  the 
production  of  magnesia  cements.  In  the  extraction  of  uranium,  and  In 
the  electrolytic  production  of  metallic  Mg.  Dead-burned  granulated  mag¬ 
nesia  is  used  as  a  metallurgical  powder  for  chemically  stable  hearth- 
lining  mixtures,  especially  for  electric  furnaces,  as  a  substitute  ftr 
molten  perlclase,  as  Insulation  for  the  electric-arc  furnaces  used  for 
firing  ceramics  in  reducing  atmospheres,  as  firebrick  in  especially 
critical  areas  (the  crowns  of  reverberatory  furnaces,  converters,  etc.), 
and  In  the  nanufacture  of  special  types  of  paper.  In  addition,  bruclte 
magnesia  can  be  used  in  place  of  Mg  oxide  (Magnesite)  and  as  a  substl- 
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tute  for  talc.  Laboratory  experiments  have  established  that  It  Is  pos¬ 
sible  to  produce  autoclaved  structural  components  from  bruclte  marble 
mixed  with  active  alumoslllcates. 

References:  Smolln,  P.P. ,  Bmisltovyye  mramory  —  novoye  magnezlal' 
noye  syr’ye  [Bruclte  Marbles  -  A  New  Magnesia  Raw  Material],  Ogneupory 
[Refractory  Materials],  1957,  No.  5;  Ooudge,  M.F. ,  Phillips,  J.G. ,  Can¬ 
adian  Bruclte  as  a  Material  for  the  Production  of  Basic  Refractories, 
Amer.  Ceram.  Soc.  Bull.,  19^6,  Vol.  25,  No.  3,  Goudge,  M.F. ,  Bruclte 
magnesia,  J.  Amer.  Ceram.  Soc.,  19^,  Vol.  27,  No.  1. 

P.P.  Smolln 
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BURNING  OP  STEEL  —  oxidation  of  the  grain  boundaries  of  steel  as 

result  of  heating  to  high  temperatures;  this  is  an  uncorrectlble  de¬ 
fect. 


Ya.H.  Potak 
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BUTYIACRYIATE  RUBBER  -  is  the  product  of  the  polymerization  of  a 
copolymer  from  butylacrylate  and  sorylonitrile  in  emulsion;  it  is  char¬ 
acterized  by  heat  resistance  up  to  180-200®  in  air  and  in  oils,  resict- 
BXice  to  oxidation,  to  the  action  of  ozone  and  sunlight,  a  good  resist¬ 
ance  tc  cracking,  and  gas  tightness.  Disadvantages  cf  the  butylacrylate 
rubber  are:  plasticity  (high  residual  deformation  after  compression), 
insufficient  waterproofness,  and  a  relatively  low  frostproofness  (up  to 
-30*).  The  specific  gravity  is  1.2-1. 3,  the  vitrification  point  is  -35*. 
In  the  U.  S. ,  it  has  the  commercial  name  Lactoprene  BN.  The  copolymer 
of  ethylacrylate  and  chlorovinyl  acirylate  is  also  delivered,  it  is 
termed  Lactroprene  EV.  The  vulcanization  of  the  butylacrylate  rubber  is 
carried  out  by  polyamines,  sulfur,  or  benzoyl  peroxide;  oxides  and  hy¬ 
droxides  of  certain  bivalent  metals  are  also  usee.  The  combination  of 
sulfur  and  polyamines  gives  ’Ailcanizates  with  the  highest  heat  resist¬ 
ance.  The  vulcanization  proceeds  somewhat  slower  than  that  of  the  most 
synthetic  rubbers,  min  at  1-30°.  The  vulca.nizatlon  process  depends 

strongly  on  the  pH  of  the  ccanpound,  a  fact  which  must  be  taken  into  ac¬ 
count  when  making  the  formula  for  rubber  stocks.  It  is  not  recommended 
to  use  clays,  acid  plasticizers  or  other  ingredients  which  adsorb  bases 
or  react  with  them.  The  use  of  neutral  or  weakly  alkaline  fillers  is 
the  best.  Plasticizers  are  applied  to  increase  the  frostproofness.  The 
properties  of  the  vulcanized  butylacrylate  rubber  compeundr  (with  5^ 
parts  by  weight  cf  chimney  soot)  are:  tensile  strength  9C-12C  kg/cm"; 
relative  elorgaticn  250-3305^;  residual  elongation  10- 16^;  swelling  in 
gasoline  (2**  hrs)  20*;  point  of  brittleness  — 33“;  .hardness  acccrllng 
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to  TM-255  70;  resilience  10%  at  20®,  and  35%  at  100®.  The  aging  coeffi¬ 
cient  after  5  days  aging  in  air  at  175*  is:  with  regard  to  the  strength 
0.65-1.0;  with  regard  to  the  relative  elongation  0.2-0. 3;  after  10  days 
aging,  the  aging  coefficient  is  equa,  to  0.7-0. 8  for  the  strength,  and 
0.2-0.25  for  the  relative  elongation.  No  cracks  occur  after  ozonlzation 
for  13  hrs  in  an  ozone  concentration  of  0. 00155^»  Butylacrylate  rubber 
may  be  used  for  making  packing  rings,  gaskets,  membranes,  packings, 
valve  seats,  connecting  pieces,  hoses,  belts,  and  other  technical  rub¬ 
ber  products  for  working  in  oils  or  in  air  at  high  temperatures  (up  to 
I5O-I8O®).  The  combination  of  the  heat  resistance  and  resistance  to 
ozone  with  high  dielectric  properties  permits  the  application  of  the 
butylacrylate  rubber  for  the  insulation  of  wires  for  special  purposes, 
and  of  feeder  cables  for  distributing  transformers.  Printing  rollers, 
coating  rollers  for  high-melting  materials,  protective  coatings  of 
fabrics  (glass  or  asbestos  fabrics),  protective  coatings  of  rubber  pro¬ 
ducts,  stable  to  sunlgiht  and  nonfading,  are  made  from  butylacrylate 
rubber.  Butylacrylate  rubber  is  used  in  combination  with  a  number  of 
synthetic  resins  for  the  preparation  of  oil-  emu  heat-resistant  rubber 
cements  and  pastes. 

I.  V.  Borodina 
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BUTYL  RUBBER  -  a  copolymer  of  isobutylene  and  Isoprene  (0.6-35^). 

It  Is  produced  in  the  USSR,  as  v/ell  as  in  the  USA  under  the  trade  name 
Enjay  butyl,  in  Canada  as  polysarbutyl,  and  in  France  ac  Socabutyl.  The 
principal  chemical  peculiarity  of  butyl  rubber  is  its  low  unsaturation, 
0.6-2. 5  mol-5^.  The  individual  types  of  butyl  :  .bbcr  are  distinguished 
by  their  degree  of  unsaturation  and  molecular  weight.  In  appearance 
this  material  is  a  clear  elastic  mass,  white  or  IJght-brown  in  color, 
with  no  taste  or  odor.  It  has  a  specific  gravity  of  0.91  and  a  vitrifi¬ 
cation  temperatur(^  of  from  —67  to  —69'^.  In  contrast  to  natural  rubber, 
butyl  rubber  is  highly  dlstensable  and  dissolves  more  readily  in  ali¬ 
phatic  than  aromatic  hydrocarbons;  like  natural  rubber,  it  is  insoluble 
in  alcohols,  acetone,  ketones,  ethers,  and  glycols.  This  type  of  rubber 
does  not  require  rr  lug.  Mixtures  based  on  butyl  rubber  are  prepared 
at  higher  temperatures  than  is  h’^e  case  for  natural  rubber  and  otner 
types  of  synthetic  rubber  (120-150°).  Because  of  its  low  unsaturation, 
vulcanization  of  this  material  requires  more  active  accelerators  and 
higher  temperatures  than  are  needed  for  natural  rubber  or  ouher  types 
of  synthetic  rubber.  The  rate  at  which  butyl  rubber  is  vulcanized  in¬ 
creases  with  its  unsaturation.  The  quantity  of  sulfur  used  amounts  to 
1-2.5  parts  by  weight.  Thluram  disulfides  (tetron  A,  etc.)  and  dlthlo- 
carbamates  (seDenak,  tellurak,  etc.)  are  good  accelerators.  Benzothla- 
zoles,  guanidines,  sulfonamides,  aldehydamines,  etc.,  are  used  as  se¬ 
condary  acceieiutors.  Butyl  x’ubber  can  be  vulcanized  without  sulfur, 
using  alkyl  phenol-formaldehyde  resins  (amberol  ST,  resin  101).  The 
best  fiJlers  are  flue  and  chimney  soot,  which  raise  the  tearing  resis- 
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tance,  modulus  of  elasticity,  and  durability  of  butyl-based  rubbers. 
Saturated  compounds  with  low  polarity  (oils,  waxes,  and  aliphatic  and 
aromatic  esters)  are  used  as  softeners.  Unsaturated  softeners  are  not 
employed,  since  they  do  not  combine  with  butyl  rubber.  Plasticizers 
(dloctylphthalate,  dloctylsebaclnate,  etc.  )  are  used  to  Increase  the 
frost  resistance  of  this  material.  Rubbers  containing  plasticizers  re¬ 
tain  their  elasticity  down  to  -60“,  while  those  without  plasticizers 
lose  it  at  a  temperature  of  from  —45  to  —50°.  Butyl  rubber  does  not 
combine  with  unsaturated  rubbers  (natural,  butadienestyrol,  butadiene- 
nitrile),  but  does  combine  in  small  quantities  with  chloroprene  rubber. 
The  peculiarities  of  the  chemical  and  molecular  structure  of  butyl  rub¬ 
ber  explain  a  number  of  the  valuable  technical  properties  of  rubber 
mixtures  based  on  it:  low  gas-permeability  and  exceptional  resistance 
to  oxygen,  ozone,  and  atmospheric  factors.  The  gas-permeability  of  bu¬ 
tyl  rubber  is  less  than  that  of  natural  rubber  by  a  factor  of  20  for 
air,  3-5  for  helium,  7  for  hydrogen,  and  60  for  carbon  dioxide.  Butyl 
rubbers  also  have  a  very  high  reslst?)ice  to  acids,  alkalies,  salt  solu¬ 
tions,  acetone,  alcohols,  ethers,  animal  and  vegetable  oils,  nitrogen- 
containing  organic  compounds,  and  water.  Just  as  other  crystallized 
rubbers,  butyl  rubber  is  characterized  by  high  tensile  strength  in  un¬ 
adultrated  mixtures.  These  rubbers  also  have  a  high  resistance  to  tear¬ 
ing,  thermal  aging,  and  repeated  bending,  as  well  as  good  dielectric 
properties.  The  drawbacks  of  butyl  rubbers  Include  high  residual  defor¬ 
mation  after  compression,  poor  resistance  to  petroleum  oils  and  fuels, 
low  resistance  to  light,  and  low  elasticity  at  normal  temperatures. 
Their  elasticity  Increases  rapidly  as  the  temperature  rises;  at  70°  or 
more  the  elasticity  of  butyl  rubbers  is  virtually  the  same  as  that  of 
natural  rubber. 

Tables  1,  2,  and  3  show  the  principal  mechanical  and  electrical 
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properties  of  butyl  rubbers  and  present  data  on  their  chemical  stability. 


TABLE  1 

Principal  Mechanical  Proper¬ 
ties  of  Butyl  Rubbers 
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(6-9)  10' 

l)  Characteristic;  2)  unadultrated  rubber;  3)  rubber  containing  50 

2 

parts  by  weight  chimney  soot;  4)  ultimate  tensile  strength  (kg/cm  );  5) 
modulus  of  elasticity  after  elongation  by  500^  {kg/cm2);  6)  relative 
elongation  (j^);  7)  residual  elongation  (^);  8)  tearing  resistance  (kg/ 
/cm);  9)  hardness,  detemined  with  [IM-2  apparatus;  10)  recoil  elasti¬ 
city  at  20®  (%);  11)  resistance  to  repeated  bending  (number  of  cycles 
to  breakage). 

TABLE  2 


Dielectric  Properties  of  Un¬ 
adultrated  Butyl  Rubbers 
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10'. 

1)  Characteristic;  2)  normal;  3)  breakdown  voltage  (v/mm):  4)  dielec¬ 
tric  constant  (10  v,  1000  cycles);  5)  dry  butyl  rubber;  6)  after  88  hr 
in  water;  7)  tangent  of  dielectric-loss  angle,  tg6  (10  v,  1000  cycles); 
8)  specific  deep  resistance  (ohm. cm). 


It  is  possible  to  Improve  the  valuable  technical  properties  of 
butyl  rubber  and  to  alter  them  to  conform  to  the  assumed  operational 
conditions  by  proper  formulation  of  the  rubber  mixtures  and  correct 
selection  of  the  type  of  butyl  rubber  to  be  used.  For  example,  produc 
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TABLE  3 

Chemical  Resistance  of  Butyl 
Rubbers 
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l)  Medium  and  test  temperature;  2)  properties  of  rubber  after  soaking 
for  14  days;  3)  tensile  strength  (kg/cm2);  4)  relative  elongation  ; 
5)  Initial  values;  6)  at. 


tion  of  ultrathermostable  rubbers  (which  will  function  for  prolonged 
periods  at  150°  or  even  170“  and  have  a  reduced  residual  deformation 
after  compression)  requires  butyl  rubber  with  a  high  unsaturation,  which 
Is  vulcanized  without  sulfur,  using  phenol-formaldehyde  resins.  Sulfur- 
vulcanized  butyl  rubber  with  low  unsaturation  must  be  used  In  producing 
mixtures  with  high  chemical  stability.  The  mechanical  properties  of 
butyl  rubber  can  be  substantially  Improved  by  heat  treatment  of  soot- 
containlng  mixtures.  The  best  results  are  obtained  by  treatment  of  mix¬ 
tures  containing  flue  soot  at  200°  (or  more)  In  a  rubber  mixer.  Addi¬ 
tion  of  activators  (n-qulnone  dioxlme,  N-methyl-N^4-dlnltrosoanlllne, 
etc.)  makes  It  possible  to  use  other  types  of  soot  and  to  reduce  the 
processing  temperature  to  170°  or  less.  Heat  treatment  produces  an  In¬ 
crease  in  modulus  of  elasticity,  tensile  strength,  durability,  dielec¬ 
tric  characteristics,  and  chemical  stability.  Modified  butyl  rubber, 
which  contains  3.5^  bromine  by  weight,  is  characterized  by  a  higher 
vulcanization  rate,  the  ability  to  combine  with  natural  and  synthetic 
rubbers,  and  good  adhesion  to  other  polymers  and  metals.  Most  of  the 
properties  of  brominated  butyl  rubber  are  similar  to  those  of  pure  bu- 
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tyl  rubber,  although  the  former  has  a  somewhat  lower  water  resistance, 
tensile  strength,  and  relative  elongation.  Chlorinated  butyl  rubber  has 
the  advantages  of  bromlnated  butyl  rubber,  as  well  as  a  better  resis¬ 
tance  to  thermal  aging.  As  a  result  of  Its  valuable  properties,  butyl 
rubber  Is  widely  used  In  the  manufacture  of  water-,  acid-,  and  alkali- 
resistant  fabrics,  acid-resistant  gloves,  the  linings  of  chemical  appa¬ 
ratus,  all  types  of  gaskets,  and  flexible  tubing  for  transferring  var¬ 
ious  chemical  products.  It  is  also  employed  in  the  production  of  pack¬ 
ing  and  sealing  components.  Intended  to  function  at  elevated  tempera¬ 
tures.  Other  Important  uses  of  this  material  are  in  inner  tubes,  brew¬ 
ing  chambers,  tires,  and  diaphragms  for  vulcanizlng-formlng  machines. 
Butyl-rubber  tires  are  seamless,  exhibit  less  slippage,  and  have  good 
resistance  to  puncturing  and  sidewall  cracking.  As  a  result  of  its  good 
dielectric  properties,  moisture  resistance,  and  ozone  resistance,  this 
rubber  Is  one  of  the  principal  Insulating  rubbers.  It  is  also  used  in 
the  manufacture  of  clear  and  colored  rubber  products. 

References:  Slntetlcheskly  kauchuk  [Synthetic  Rubber],  edited  by 
G.S.  Whitby,  translated  from  English,  Leningrad,  1957;  Novyye  kauchukl. 
Svoystva  1  prlmenenlye  [New  Rubbers.  Properties  and  Uses],  collection 
of  translations,  Moscow,  1958;  Borodina,  I.V. ,  Nikitin,  A.K. ,  Tekhnlch- 
esklye  svoystva  sovetsklkh  slntetlcheskikh  kauchukov  [Technical  Charac¬ 
teristics  of  Soviet  Synthetic  Rubbers],  Lenlngrad-Moscow,  1952;  Rubber 
Age,  1956,  Vol.  79,  No.  4;  Rubber  World,  1959,  Vol.  l40.  No.  3- 

I.V.  Borodina 
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CABLE  PAPER  -  paper  manufactured  from  sulfated  wood  cellulose 
(COST  645-59) •  It  Vias  high  electrical-insulation  characteristics  and 
mechanical  strength  and  is  used  for  Insulating  power  cables;  It  Is  pro¬ 
duced  In  types  K  (low-voltage,  up  to  35  kv),  KV  (high-voltage),  and  KVU 
(heavy  high-voltage). 

TABLE  1 

Technical  Characteristics 
of  Low-Voltage  Cable  Paper 


lo.m.iiHa  .  2.  .  .  .  0,080 
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^  mubm .  4,0 

O  Conpo'iaBJieMie  RSooMy 
(BRcao  aBOilHwx  nepe- 
trOob  a  cpBAHCM  no 
sayn  HanpauiCHunM.  aa 

Menee) .  2000 

rj  r.onpoTRB.i«HRe  paapHpa- 
I  MRn  B  noncp«RHOM  HB* 
npaBneniiu  (e,  lie  ae- 
iiee)  .  70 

l)  Characteristic;  2)  thickne.ss  (mm);  3)  tearing  force  (kg,  no  less 
than);  4)  longitudinal;  5)  transverse;  6)  breaking  resistance  (average 
number  of  double  bends  in  two  directions,  no  less  than);  7)  tearing 
resistance  in  transverse  direction  (g,  no  less  than). 


The  technical  characteristics  of  cable  paper  are  shown  in  Tables 


1,  2,  and  3. 

Type  K  cable  paper  has  the  following  general  properties:  bulk 
weight  -  0.76  +  0.06  g/cm^;  elongation  —  22^  longitudinally  and  6.55^ 
transversely;  air-permeability  -  25  ml/mln;  ash  content  -  no  more  than 
lj6;  specific  electrical  conductivity  of  aqueous  extract  at  25"*  —  no 
more  than  6.5*10”^  ohm”^»cm’*^;  pH  of  aqueous  extract  —  7. 0-9. 5. 

The  bulk  weights  of  types  KV  and  KVU  cable  paper  are  O.85  and 
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TABLE  2 

Technical  Characteristics  of  High-Voltage  Cable  Pa¬ 
per 
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1)  Characteristic:  2)  KV-O3O;  3)  KV-045;  4)  KV-080j  5)  KV-120j  6)  KV- 
I7O;  7)  KV-240;  8)  thickness  (mm);  9)  tearing  force  (kg,  no  less  than): 
10)  longitudinal;  11)  transverse;  12)  elongation  no  less  than);  13) 
breaking  resistance  (average  number  of  double  bends  In  two  directions, 
no  less  than);  l4)  tearing  resistance  In  transverse  direction  (g.  no 
less  than);  15)  iron  content,  calculated  for  Fe  (j^,  no  more  than);  I6) 
air-permeability  (ml/mln,  no  more  than). 

TABLE  3 

Technical  Characteristics  of  Heavy  High-Voltage  Ca¬ 
ble  Paper 
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1)  Characteristic;  2)  KVU-015;  3)  KVU-020:  4)  KVU-O3O;  5)  KVU-045;  6) 
KW-O8O;  7)  KVU-120;  8)  thickness  (mm);  9)  tearing  force  (kg,  no  less 
than);  10)  longitudinal;  11)  transverse;  12)  elongation  (JS,  no  less 
than);  13)  breaking  resistance  (average  number  of  double  bends  In  two 
directions,  no  less  than);  14)  tearing  resistance  In  transverse  direc¬ 
tion  (g,  no  less  than);  I5)  alr-permeablllty  (ml/mln). 


1.09-1.1  g/cm^  respectively;  they  have  better  electrical-insulation 
characteristics  than  type  K.  For  dry  paper  the  tangent  of  the  dielec¬ 
tric— loss  angle  at  100“  Is  0.0025  (KV)  and  0,0027  (KVU),  while  for  oll- 
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Impregnated  paper  it  Is  0.0037.  The  specific  electrical  conductivity  of 

-1  -1 

an  aqueous  extract  of  KV  or  KVU  Is  2. 5*10  ohm  ^cm  .  The  ash  content 
of  these  papers  does  not  exceed  0.35^#  while  the  pH  of  aqueous  extracts 
of  both  types  Is  6. 5-8. 0. 

Z.I.  Gruzdeva 
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CABLE  POLYETHYLENE 


see  Polyethylene. 
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CABLE  STEEL  —  is  a  hot-rolled,  round  shaped  carbon  steel,  melted 
in  Martin  or  electric  furnaces.  It  is  destined  for  the  production  of 
cable  wire.  The  classes  KK  (fine)  and  VK  (high-grade)  (GOST  1457-60)  are 
produced,  depending  on  the  purpose.  It  is  delivered  either  cooled  in 
air  (group  I)  or  sorbltized  (group  II).  The  diameters  of  cable  steel 
are  from  5  to  10  mm.  The  grades  are:  steel  35>  40,  45,  50,  55#  60,  65, 
and  70  (according  to  GOST  1050-52  with  a  manganese  content  of  0.  3-0. 6S^), 
and  steel  75,  80,  and  85  (according  to  GOST  1052-53  with  a  manganese 
content  of  0. 5-0.8^).  Cable  steel  of  the  KIC  class  contains;  not  more 
than  0.  03^  sulfur  and  phosphorus  each,  not  more  than  0. 125^  chromium  and 
nickel  each,  and  not  more  than  0. 15^  copper.  Cable  steel  of  the  VK 
class  contains  not  more  than  0.035^  sulfur,  not  more  than  0.0255^  phos¬ 
phorus  (the  sura  of  the  sulfur  and  phosphorus  content  must  not  exceed 
0.055^),  not  more  than  0.15^  chromium,  not  more  than  0.125^  nickel  and 
copper.  The  ovality  of  the  cable  steel  rods  must  not  exceed  0. 5-0. 6  mn. 
The  standards  of  the  mechainical  properties  are  given  in  the  Table. 
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1)  Steel;  2)  group  I  (cooled 
in  air  after  rolling);  3) 
group  II  ( Eorbitization) ;  4) 
kg/mm^. 
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Cable  steel  Is  delivered  in  bundles  (of  a  single  piece)  with  a 
weight  of  6O-I80  Rg. 


M.  L.  Bernshteyn 


CALCITE  (calc  spar),  CaCO^  -  is  a  mineral.  Iceland  spar  is  a  vari¬ 
ation  of  calcjte.  The  specific  gravity  of  the  chemically  pure  crystals 
is  2.72.  The  mineral  is  brittle,  completely  cleavable;  the  Mohs  hard¬ 
ness  is  3>  calclte  is  optically  monoaxial,  negative  with  a  very  high 
birefringence.  It  crystallizes  in  the  trigonal  system.  It  occurs  in  the 
form  of  crystals  with  various  shapes  (some  hundred).  The  various  form 
of  the  crystals  is  explained  by  the  various  conditions  of  crystalliza¬ 
tion,  and,  especially,  by  the  different  crystallization  temperature. 
Crystalline  calclte  formations  of  hydrothermal  origin  are  widespread. 
Calcite  is  observable  in  cracks  and  holes  of  the  oxidation  zones  of 
mineral  deposits  and  rocks  as  a  result  of  weathering  processes.  Calcite 
is  the  relatively  low  resistant  but  .main  rock-f onr.lng  material  of  the 
carbonate  rocks.  An  immence  quantity  of  CaCC,  is  formed  by  preclpita- 


tlon  (chalk. 

li.mesto.ne. 

marble).  Calclte  con 

tains 

i  f 

' 

Fe,  Mn  ( 'ip  tc  b  ' 

and  also  Cn, 

as  i.mpurities.  It  is 

:-'clored 

dark-green,  yellow, 

rose,  brown. 

and  cth'.>r 

cclors  by  the  Impurit 

ies. 

Yell 

uw,  lemon-yellow. 

rose,  or  violet  cclc.*>3d  -'al:ite  c.’-ystals  b-.'ome  to  a  oerta.''n  degree 
colorless  under  the  action  of  ultravlc]ct  ray.'^  cr  wh-  r.  heated  slowly  up 
tc  5‘'C--*0C“.  Deposits  of  transparent  calclte  rystals  are  known  in  the 
USSR  cr.  the  Riz.hnyaya  Tu-nguska  River,  in  Con*  ral  Ada,  et  t.  Chalk  In 
the  form  c:  rc'ks  is  mined  :  .  r  t.he  shemical  eond  ce.n-jr.t  industry  near 
the  town  rkilgcrcd;  marde  as  fac.ng  rlatec  and  fcr  creation  of  statuar¬ 
ies  ic  mine:  in  Ural,  rcar.staikalla,  Crimea,  •  *  :. 

lal'i-e  rys-a^.  e  use.:  in  ‘he  •p*i:al  incu.Ty  fcr  the  design 


cl  diverge  r  .aricaticn  1 rune:.t 


pec,  p o^arimete rs , 


i-jK.1 

imeters).  More  than  200  devices  are  known  in  which  calcite  crystals  are 
used.  The  minimum  dimensions  of  a  conditioned  crystal  are  20  x  20  x  14 
(mm). 

References:  Betekhtin  A.G.,  Kurs  mineralogii  [Course  of  Mineralogy] 
3rd  edition,  Moscow,  19^1;  Suderkin  A. I.,  Nlfontov  R.  V. ,  Chernova  V. N. , 
Opredeleniye  kachestva  p 'yezooptlcheskogo  syr’ya  pri  oprcbovanii  mesto- 
rozhdeniy  [  Deteminatlon  of  the  Quality  of  Piezooptical  Raw  Material  in 
the  Sampling  of  Deposits],  Moscow,  1957* 

V.  P.  Butuzov 
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CALENDAR  PAPER  -  a  paper  manufactured  from  cotton  (no  more  than 
65^)  and  silk  (no  less  than  35/^)  fiber.  It  Is  used  for  lining  the  cal¬ 
endar  rolls  of  supercalendars.  Depending  on  the  purpose  for  which  the 
paper  is  Intended,  the  cotton  fiber  can  be  replaced  by  other  plant  (un¬ 
bleached  cellulose),  artificial,  or  mineral  (asbestos)  fibers.  The 
weight  of  1  m^  is  80,  100,  120,  or  l40  g.  Calendar  paper  has  a  bulk 

Q 

weight  of  no  less  than  O.38  g/cm*^,  an  average  tearing  length  in  two  di¬ 
rections  of  no  less  than  1100  m,  a  10-mln  moisture  absorption  of  no 
less  than  50  ml,  and  a  moisture  content  of  no  more  than  8^.  This  paper 
is  uniformly  laid  and  should  have  no  folds,  wrinkles,  tears,  or  holes. 
The  principal  drawback  of  calendar  paper  is  the  presence  of  poorly  pro¬ 
cessed  fiber  bundbles.  This  material  is  produced  in  sheets  of  various 
formats.  The  properties  of  the  calendar  paper  and  the  lining  regime  are 
of  great  importance  In  determining  the  quality  of  calendar  rolls,  whosf 
hardness  should  reach  35-50  units  on  the  Shore  scleroscopic  scale.  I.n- 
creaslng  the  silk  content  of  the  naoer  reduces  the  h'rdress  of  thp  cal¬ 
endar  roll  and  increases  its  elasticity.  The  paper  used  for  calendaring 
technical  grades  of  paper  consists  of  up  to  75^  asbestos  and  25^  pulped 
linen  rags  or  unbleached  sulfated  cellulose. 

References:  Ivanov,  S.N.,  Tekhnologlya  bumagl  [Paper  Technology], 
Moscow- Leningrad,  I98O;  Eyd^ln,  I.Ya.,  Bumagodelatel 'nyye  1  otaeloch- 
nyye  mashlny  [Paper-Making  and  Finishing  Machines],  Moscow-Lenlngrad, 
1955;  Sbomlk  tekhnlcheskikh  uslovly  na  produktslyu,  vyrabatyvayemuyu 
predprlyatiyaml  tsellyulozno-bumazhnoy  promyshlennostl  [Handbook  of 
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Technical  SpeclflcatloiiB  for  PrcxiuctB  Manufactured  by  the  Cellulose- 
Paper  Industry  ] ,  Leningrad,  1956. 


Z.I.  Gruzdeva 
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CALMALLOY  -see  Thermomagnetlc  Alloys. 
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CANEBIAN  -  is  a  synthetic  fiber  produced  in  Japan,  see  Polyvinyl 


Alcohol  Fibers. 


Z.A.  Zozulina 
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CANTAL  ~  Is  an  alloy  with  a  high  specific  electric  resistance  (p  =■ 

=  1* 2-1. 45  ohm* mm  /m),  used  for  the  production  of  heating  elements  of 
electric  furnaces.  The  chemical  composition  of  the  A1  alloy  is:  30^ 
chromium,  5^  aluminum,  35^  cobalt,  the  rest  is  iron.  The  alloys  of  the 
cantal  type  may  be  used:  A1  up  to  1350°,  A  up  to  1300®,  B  up  to  1150*. 
The  properties  of  the  above-mentioned  alloys  are  similar  to  those  of 
the  Soviet  Iron-chromlum-aluminum  alloys  0Kh23Yu5  and  OKh25Yu5A  (GOST 
9232-59}  (see  Alloys  for  Heating  Elements).  The  durability  of  cantal 
(up  to  the  burnirjg  out  of  the  wire)  as  f.  function  of  the  heating  temper¬ 
ature  is  compared  with  that  of  the  Soviet  alloys  In  the  Pig. 


Fig.  Effect  of  the  temperature  on  the  durability  of  the  alloys:  a),  b), 
and  c)  Cantal  Al,  cantal  A,  and  cantal  B,  respectively  (according  to 
the  data  of  the  catalog  of  the  firm  ’’Cantal");  d)  alloy  with  8o^  Ni  arj 
20^  Cr;  e)  alloy  with  b3%  Ni,  2C5^  Fe,  and  15^  Cr;  f)  alloy  EI595;  g) 
alloy  EI626.  1)  Durability,  hours;  2)  test  temperature. 


References:  Kornilov,  1. 1.  ,  Splavy  zhelezo-khrom-alyuminiy  [Iron- 
Chromium-Alumlnum  Alloys],  Moscow- Leningrad,  1945  (Zheleznyye  splavy 
[Iron  Alloys],  Vol.  1);  Khiraushin  F.  P. ,  Nerzhaveyushchiye,  klslotoupro- 
nyye  1  zharoupomyye  stall  [Stainless,  Acldproof,  and  Heatproof  Steels], 
2nd  edition,  Moscow,  1945;  Semenova  N.  V, ,  Zhukov  L. L. ,  "Stal'"  [Steel], 


1959,  No.  7. 


F.  P.  Khimushin 
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CAPACITOR  C h'i\AMlCr>  —  are  rcivimiv;  iiiat.tMTaJ ;;  i-hafar  L-M‘izutl  t>y  a  hli/h 
dleloL'tric  fonstiuit  (<  )>  mcitt; flal  fuf  the;  pfodui.-tiun  of  i-uf^a- 

citor  ceramlv-s  is  tltanla,  TiO,^  with  addition;;  Zr'O,.,  day, 

etc.  The  basic  properties  of  capacitor  cej-ainics  are  li.sted  in  the  Table. 


TABLh; 


1 

(lot. a  <a  icjtu 

tllKl'H.t 

^  {  -Mi. 

1  ,.  *) 

It.  ..dMUKa  ^ 

.  Il  l 

1  H.  !• 

1  It  Ml  4 

( H  nup • 

IMPM  >011 
h  j>-iM>iMa 
^  liHi'»apia) 

g  AiHct  IcK 

u<*  Mm  ih  ... 

7  T«‘MUi  pa ry;*‘iNii  k-* 
pi. all  K  rpKM 
lipoHUUai  Mia^ni 

il.o 

i>  ;  ■ 

.3 

IMi'O  ‘MilMU 

(rKt;i . 

4  tic  |l«t«  ;pl' 

»  ICKt|lMM  llofrph 

itdp'  1  «iM»{  (0  - 

O.  lO  10 
.0*  -III  10 

ill  |»  M  lltluH 

UPU  t  M  1*0^ 

g  oCta  MHlH' 

COiipoTHB/P  Hlie  (ipH 

p  I  .* 

-  - 

iiO  -7U 

100*  (OM  t.M)  .... 

]0np(>fiUKHaH 

ll(IH  ll<«T. 

l,o<  10 

)(•  •  111  * 

IU“ 

(.(CM) 

lintV.Vfl  IIIX'MIKKlta 

lipM  c.Taiii'i 

... 

HIM-  t 

.Ju-.uu 

(«CH‘) . 

1  * 

1  IMMI  - 

!MIM  -  ■  _’UM 

(OlCUlHpt'HMH 

-  ... 

(0  .>  .>  IM* 

(7.5  n>  in  • 

I)  Characteristics;  0)  ceramics;  3)  Tlkond  (T-1‘,'0,  T-OO,  T-oOl;  'O  Ter- 
mokond  (TK-R,  TK-M);  b)  tj.tfl..la  ..v\'zr.  oxide  ce’^amlcs  (Tlbar^-);  m)  di¬ 
electric  constant;  /)  tempt, ^  c,.ei.A iv'iert  of  the  dielc-tric  constant 
(TKYe);  b)  tangent  of  the  lotss  angle  at  1-b  Meps  and  .'’0°;  9)  specific 
volume  resistance  at  100^  (ohm*  cm);  10)  breakdown  dc-coltag,e  (kv/cm); 

II)  ultimate  static  bending  ;'tren;';th  (kg/cm^^);  12)  coefficient  of  line 
expansion;  I3)  fr'cm  ...  to  . . ,  ;  14)  variable. 


For  details  of  the  classification  and  pi’operties  of  capacitor  cera¬ 
mics  see  Ceramic  Matt-'rials  for  Radio  Engineering;;. 


V.  L.  IVilkevich 


CAPACITOR  PAPER  -  a  paper  manufactured  from  unbleached  sulfated 
cellulose,  without  sizing  or  filler  (COST  1908-57).  It  has  an  ash  con¬ 
tent  of  no  more  than  0.455t  (of  the  weight  of  completely  dry  paper)  and 
a  total  Iron  and  copper  content  of  no  more  than  0.025^;  the  alkalinity 
of  an  aqueous  extract  of  this  paper  (calculated  In  terms  of  NaOH)  is  no 
more  than  O.OIJ^  and  no  acidity  Is  present.  The  specific  electrical  con- 
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C'\aracterlbtlc;  2)  /arletles  of  KON-I;  3^  KON-I-1;  4)  KON-I-2;  5) 
KON-I-3;  6)  KON-I-4;  7)  KON-I-5;  8)  KON-I-o;  9)  KON-I-7;  10)  thickness 
(m-);  li)  bulk  weight  (g/cm3);  12)  tearing  length  In  longitudinal  di¬ 
rection  (m,  no  less  than);  13)  alr-permeablllty  In  VP-2  apparatus  (ml/ 
min,  no  more  than);  l4)  breakdown  voltage  for  50  cps  alternating  cur¬ 
rent  (v,  no  less  than);  15)  number  of  current-carrying  Inclusions  per 

p 

m  (no  more  than);  16)  tangent  of  angle  or  dielectric  loss,  tg6,  at  6o** 
(no  more  than);  17)  moisture  oontent  (J^). 


ductlvlty  of  an  aqueous  extract  at  25°  Is  no  more  than  4*10“^  ohm”^. 

•  cm"^.  Capacitor  paper  has  a.  high  electrical  strength  and  la  quite  re¬ 
sistant  to  aging.  It  Is  used  In  the  manufacture  of  capacitors.  Two 
types,  KON-I  and  KON-II,  arc  produced,  dlfrerlr.g  in  puiTjose  and  proper- 
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Technical  Characterletlca  of  KON-II  laier 
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1)  Characteristic;  2)  KON-II-i;  '-()  KON-II-2:  K0r:-II-3;  '  )  KON-II-4: 

6)  KON-II-5;  7)  KON-II-6;  8)  KON-II-7;  -)  KGU-ir-8;  lO)  KON-II-5:  ii) 

thickness  (m-);  12)  bulk  v;t>lgnt  (g/cn-.-'J:  13)  tearln.-  ien.-tli  '.r.  longitud¬ 
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tus  (ml/tnln,  no  .nore  than);  I3)  breakdov/n  voltage  for  iO  cpc  alternat¬ 
ing  current  (v,  no  less  than);  I6)  nur.ter  of  currer.t--;a:'rvlr.g  iruluclor.c 
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ties.  Using  thickness  as  a  basis  we  car.  d  Istl'guiu:.  V  varletl-,  u  f  K.!.- 
I  and  9  varieties  of  KON-II.  The  technical  chai'act-'u-lutlcc  .f  these  pa¬ 
pers  are  shown  In  Tables  1  ar.d  2. 
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CAPILLARY  FLAW  DETECTION.  It  is  based  on  filling;  the  hollows  of  the 
flaws  by  means  of  capillary  forces  with  compositions  contrasting  in 
light  or  color  and  following  development  of  the  flaws  by  substances 
with  high  absorbability.  The  kerosene-chalk,  luminescence,  dye  and  soap 
methods  are  the  principal  methods  of  the  capillary  flaw  detection.  In 
the  kerosene-chalk,  luminescence,  and  dye  methods  of  the  capillary  flav/ 
detection,  the  preliminarily  cleaned  surface  of  the  object  is  covered 
with  a  fluid  having  a  great  penetrability.  Thereupon,  the  excess  of  the 
fluid  is  removed,  and  a  layer  of  the  developing  dye,  a  suspension  of 
white  hygroscopic  powder  is  laid  on.  These  substances  absorb  the  fluid 
flowing  out  from  the  hollows  of  the  flaw  and  make  visible  the  contours 
of  surface  defects.  In  the  soap  test,  a  small  quantity  of  soap  solution 
is  placed  on  the  surface  sections  to  be  checked,  the  solution  penetrates 
into  the  hollow  of  the  crack.  The  defect  becomes  visible  by  a  line  of 
soap  bubbles.  In  the  luminescence  method,  the  penetration  fluid  con¬ 
tains  a  substance  which  luminesces  when  irradiated  by  ultraviolet  rays. 
In  the  dye  method,  the  penetrating  fluid  is  colored  bright-red  by  ani¬ 
line  dyestuffs  soluble  in  oil  or  alcohol.  Tbe  cracks  of  diverse  origin 
are  visible  as  luminescent  or  red  lines,  the  pores  of  pitting  corrosion 
as  Isolated  points  or  spots.  The  intercrystallite  corrosloti  becomes 
visible  in  most  of  the  cac.es  as  an  intergranular  fine  network  (in  mater¬ 
ial  with  coarse-grained  structure)  or  as  diffuse  bands  (in  material 
with  fine-grained  structure).  The  Intergranular  cracking  of  heat-prof f 
alloys  appears  as  a  fine  net.  In  Fig.  1,  a  .''atlonal  scheme  for  control¬ 
ling  pieces  by  catVlr-ry  methods  is  shown.  The  "insurance  operations" 
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consist  in  heating,  electrolytic  polishing,  ultrasonic  cleaning,  etc. , 
in  order  to  increase  the  sensibility  of  the  capillar  methods.  In  the 
luminescence  method,  the  examination  of  the  pieces  is  carried  out  by 
irradiation  with  ultraviolet  light  sources,  such  as  the  ultraviolet 
lamps  LYuM-1  of  the  Geologorazvedka  Plant;  LA-1  of  the  Plant  for  Com¬ 
mercial  Equipment  (Leningrad);  UI-1,  KP-IML,  KP-IN  of  the  Physicome- 
chanical  Technical  School  (Leningrad)  are  used.  Principal  compositions 
of  penetrating  fluids  and  developing  paints  and  powders  used  in  the  lum 
inescence  and  dye  methods  are:  Shubekol  or  one  of  the  following  ccmposi 
tlons  are  used  in  the  luminescence  method:  kerosene  +  255^  Norlol  + 

10%  gasoline;  84.5^  kerosene  +  s  itlon  oil  4  0.5%  emulsifier  OP-10 
or  0P-7j  55%  kerosene  +  25%  aviation  oij  +  25%  gasoline  +  24. 97  light 
mineral  oil  (transformer  or  vaceline  oil)  +  0.3^^  gold-yellow  defectol. 
Magnesia  (pure  for  analysis),  silica  gel  MSM  (fine-grained  fine  porous 
silica  gel),  or  tajicurn  are  used  as  developing  powders.  The  powder  must 
be  dried  at  100-150®  and  screened  through  a  sieve  with  300-1000  meshs 
per  1  cm  before  being  used.  Kerosene  (80^)  +  benzene  (20^^)  +  oil-solu¬ 
ble  dark-red  aniline  dyestuff  (sudan  IV)  (10  £  per  liter);  benzene 
{95%)  +  transformer  oil  (5^)  +  oil-soluble  dark-red  aniline  dyestuff 
(10  £  per  1  liter);  kerosene  (80^)  +  turpentine  (20^)  +  oil-soluble 
dark- red  aniline  dyestuff  (10  ^  per  1  liter);  kerosene  {h0%)  +  benzene 
(40^)  +  turpentine  (20^)  +  oil  soluble  aniline  dyestuff  (10  ^  per  1 
liter)  are  used  as  penetrating  fluids  in  the  dye  method. 

The  developing  paints  and  suspensions  are;  'J0%  collodion  on  the 
basis  of  ether-alcohol  (commercial)  lO^i^  RDV  diluent  +  20%  benzene  +  50 
g  per  1  liter  zinc  white  pigment  paste;  605^  collodion  on  the  basis  of 
solution  of  4  ^  linters  colloxylin  W  in  100  ml  RDV  diluent)  +  k0% 
benzene  +  50  £  per  1  liter  zinc  white  pigment  paste;  50%  water  +  50^16 
ethanol  +  300  £  chalk  per  1  liter;  100%  water  +  300-400  £  chalk  per  1 
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liter.  The  duration  of  the  checkint^  of  objectc  by  lumincGcence  and  dyo 
methods  depends  mainly  on  the  time  the  defects  are  filled  with  the  pene 


I  Fig.  1.  Scheme  of  the  control  process  of  capillary  flav;  detection  me- 
I  thods.  1)  Pieces  to  be  checked;  2)  pieces  recognized  as  suitable;  3) 
washing  in  B-70  gasoil;  4)  application  of  the  developing  paint;  5)  ex¬ 
amination  of  the  pieces;  6)  suitable  pieces;  7)  removal  of  the  varnish 
and  paint  coating  or  dispreservation;  8)  visual  examination;  9)  blowing 
with  dry  compressed  air;  10)  removal  of  the  penetrating  fluid;  11) 

i  pieces  with  defects;  12)  removal  of  the  developing  paint;  13)  irrepara¬ 
ble  flaws:  14)  insuring  operations;  15)  application  of  the  penetrating 
fluid;  l6)  repair;  17)  restoring  of  the  varnish  and  paint  coating,  l8) 
to  assembling,  preservation  and  storage;  19)  collector  for  rejected 
I  pieces. 


trating  fluids  and  on  the  time  of  the  development  of  the  defects.  The 
duration  of  the  penetration  depends  on  the  viscosity  of  tht  fluid,  on 
the  temperature,  on  the  material  of  the  object,  and  on  the  origin  of 
the  flaw,  ajtd  lies  within  3  to  50  minutes.  The;  time  of  tne  development 
of  flaws  depends  on  the  quality  of  the  developing  composition  and  on 
the  temperature  of  the  object,  and  lies  within  5  to  60  min.  The  sensi¬ 
bility  of  the  capillary  flaw  detection  methods  is  determined  by  the  di¬ 
mensions  of  the  flaws  to  be  detected,  and  depends  in  main  on  the  cor¬ 
rectly  selected  pair  of  penetrating  fluid  and  developing  composition. 
The  evaluation  of  the  sensibility  is  carried  out  on  objects  with  sur¬ 
face  defects  whose  sizes  are  knomi.  The  standards  (Fig.  2,  a,  b,  r  )  are 
usually  prepared  from  UlO  and  U12  grades  of  carbon  steel. 

Cylindrical  specimens  with  a  diameter  of  25-26  rnm  and  a  length  of 
200-220  mm  are  hardened  and  then  ground  to  a  diameter  of  22-23  A 
0. 3-0*4  mm  thick  hayr.  r  '^f  hard  porous  chromium  Is  applied  on  the  sur- 
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Fig.  2.  Complex  of  standards  to  check  sensitivity  of  capillary  flaw- 
detection  methods;  a)  Specimen  with  grinding  cracks;  specimen  with 
cracking  of  chrome  coating;  c)  films  with  fixed  flaws  (magnification 
1.3x. 


face  of  the  specimens.  The  specimens  are  ground  at  diverse  conditions 
which  permits  one  to  obtain  cracks  with  a  gap  width  from  0.0005  mm  and 
a  depth  from  0.01  mm  upward.  The  finished  specimens  are  cut  longitudi¬ 
nally.  Small  pieces  are  cut  off  from  the  specimens  for  the  metallograph- 
Ic  analysis  to  determine  the  depth  and  gap  width  of  the  cracks  obtained 
on  the  standard  specimens.  The  results  of  the  metallographlc  analysis 
are  compared  with  the  results  of  the  check  of  the  same  specimens  by 
capillary  methods.  The  design  of  the  cracks  developed  by  capillary 
methods  Is  photographed  or  fixed  (when  the  dye  method  is  used)  on  the 
film  with  a  developing  white  dye.  The  further  control  of  the  sensibili¬ 
ty  of  the  applied  penetrating  fluids  and  developing  dyes  and  powders 
results  In  the  comparison  of  the  designs  of  the  cracks,  fixed  on  the 
photograph  or  the  dye  film,  with  the  designs  of  cracks  developed  on 
the  standard  specimens.  The  luminescence  powder  method  permits  one  to 
make  apparent  defects  with  a  minimum  gap  width  of  0.01  mm  and  a  depth 
0.02-0.04  mm;  the  luminescence-vacuum  and  ultrasonic  variations,  O.OC 
mm  and  0.02-0.04  mm,  respectively;  the  kerosene-chalk  method  with  use 
of  white  developing  suspensions  0.01  and  0.03-0.04  ram,  respectively; 
the  dye  method  with  use  of  white  developing  nltro-dyestuffs  0.004- 
0.0006  ram  and  0.01  mm,  respectively.  The  methods  of  capillary  flaw  de¬ 
tection  permit  to  make  apparent  cracks  of  any  origin  (fatigue,  grlndlnr  . 

hardening,  straightening,  welding  cracks,  and  others),  the  porosity 
loose  structure  and  forging  flaws  reaching  to  the  surface  of  the  piece. 
Intercrystalline  and  pickling  corrosion  (by  the  dye  method  only),  and 
leakings  of  diverse  kind  in  joints.  Graduation  lines  do  not  appear  be¬ 
cause  the  ratio  of  the  depth  of  the  crack  to  the  gap  width,  which  must 
be  always  greater  than  unit.  Is  one  of  the  conditions  for  making  the 
defects  appear.  The  ratio  of  the  depth  of  a  graduation  line  to  the 


width,  which  must  be  always  greater  than  unit,  is  one  of  the  conditions 
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for  making  the  defects  appear.  The  ratio  of  the  depth  of  a  fj;raurlatlon 
line  to  the  width,  however,  is  usually  smaller  than  unit,  and  the  pene¬ 
trating  fluid  is  removed  too  easily  from  the  hollow  owing  to  this  fact. 
The  rules  of  the  accident  prevention  must  be  kept  when  the  methods  of 
capillary  detection  of  flaws  are  used,  the  operation  must  be  carried 
cut  in  a  room  with  good  ventilation  by  local  exhaustion  or  in  the 
open,  because  the  compositions  of  some  penetrating  fluids  and  develop¬ 
ing  paints  contain  toxics. 

References:  Defektoskoplya  metallov  [Flaw  Detection  in  Metals], 
Collection  of  papers  edited  by  D. S.  Shrayber,  Moscow,  1959;  Borovikov 
A.  S. ..  Opyt  primeneniya  lyumlnestsentnoy  i  tsvetnoy  defektoskopii  [Ex¬ 
periences  in  the  Application  of  the  Luminescence  and  Dye  Detection  of 
Flaws],  Moscow,  1951  (Peredovoy  nauchno-tekhnicheskiy  i  proizvodstver.nyy 
opyt  [Advanced  Technical-S  ientific  and  Industrial  Experiences],  10th 
theme.  No.  M-6I-I96/I5);  Kalashnikov  C. I. ,  Kichin  N.  P. ,  Obnaruzheniye 
mezhkristallitnoy  korrozil  alyuminlyevykh  splavov  metodom  tsvetnoy  de¬ 
fektoskopii  [Uncovering  of  the  Intercrystallite  Corrosion  by  the  Method 
of  Dye  Flaw  Detection]  in  the  book;  Mezhkrlstallitnaya  korroziya  i 
korrozlva  metallov  v  napryazhennom  sostoyanii  [Intercrystallite  Corro¬ 
sion  and  Corrosion  of  Metals  in  Stressed  State],  Moscow,  I96O;  the  same 
authors  in  "Zavodskaya  laboratoriya, "  1957,  Vol.  23,  No.  7;  Shrayber 
D.S.,  Fizichesklye  metody  kontrolya  (defektoskoplya)  metallov  [Physical 
Methods  of  the  Control  (Flaw  Detection)  of  Metals]  in  the  book  Metallov- 
edeniye  i  termicheskaya  obrabotka  stall  i  chuguna  [Metal  Science  and 
Heat  Treatment  of  Steel  and  CMSt  Iron],  a  reference  book,  Moscow,  1956; 
Yermolov  I. N. ,  Ivanov  0.  V. ,  Krakovyak  M.  F. ,  Lyuminestsentno-ul ' trazvu- 
kovoy  metod  defectoskopil  [The  Luminescence  and  Ultrasonic  Method  of 
Flaw  Detection],  "Zavodskaya  laboratoriya,"  1950,  Vol.  26,  No.  11; 
Vrednyye  veshchestva  v  promyshlennosti  [Harmful  Substances  in  Industry], 
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a  handbook  for  chemists,  engineers,  and  physicians,  edited  by  N.  V. 
Lazarev,  3rd  edition,  Leningrad,  1954. 

S. I.  Kalashnikov 
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CAPRON  ->  is  a  synthetical  heterochalned  polycaprolactam  fiber, 
widely  used  for  technical  and  general  purposes.  It  is  delivered  in  the 
USSR  in  the  form  of  common  and  high-proof  filament,  staple  fiber,  mono¬ 
filament,  8Uid  bristles;  fibers  of  the  capron  type  are  known  in  other 
countries  under  diverse  terms:  Nylon-6  (U.S.  ),  Silon  (Czechoslovakia), 
Perlon  (GDR  and  FRG),  SLllon  (Poland),  Encalon  (Netherland).  Capron  is 
produced  in  the  form  of  a  lustrous  mat,  and  diverse  fiber.  The  physico- 
mechanical  properties  of  capron  are:  specific  gravity  1.14;  moisture 
absorption  at  standard  conditions  3«5-3.9^i  at  20°  and  35%  relative 
humidity  7-8$^;  swelling  degree  13^;  t°^  =  225°;  softening  point  =  170°; 
zero-strength  temperature  =  193-195°;  temperature  of  the  beginning  of 
plastic  f]ow  =  160°;  resistance  to  frost  up  to  -70°;  optimum  tempera¬ 
ture  of  fixation:  190°  in  dry  steam,  127°  in  saturated  steam,  105°  in 
water;  maximum  Ironing  temperature  150°;  permissible  temperature  for 
washing  the  fiber  stabilized  in  hot  air  or  saturated  steam  72°;  heat 
conductivity  5.4-8.7’10~^  cal/cm* sec* degree;  specific  heat  0.4-0. 5  cal/ 
/g'degree;  linear  expansion  coeff..- ^ent  (per  1°C)  11-14*10~-^;  10-11^ 
shrinkage  in  boiling  water;  capron  does  not  burn  in  a  flame,  it  melts, 
however;  the  thermal  stability  is  insufficiently  high:  it  loses  30-40^ 
of  the  initial  strength  at  130-150°;  it  is  inferior  to  nylon-66  and 
enemth  in  heat  resistance  and  stability  to  thermal  aging  (loss  of  36.  3)w 
of  strength  after  heating  1  min.  at  140°,  change  of  ti^:*  elongation  by 
29. 75^).  Copper  or  chromium  salts,  certain  organic  admixtures,  phenyl- 
beta-naphthylamine,  dl-beta-naphthyl-p-phenylenediamine,  for  example, 
are  added  to  the  fiber  in  order  to  increase  the  stability  to  heat  ef- 
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fects.  Addition  of  manganese  salts  {especially  of  manganese  chloride) 
Increase  the  llgh-proofness  which  is  lower  in  the  mat  fiber  than  in  the 
lustrous  one.  Capron  is  considerably  destroyed  when  Irradiated  with  ul¬ 
traviolet  raysj  the  dielectric  constant  is  3-4  (at  1000  cps).  The  spe- 

lo 

clflc  volume  resistance  is  4.5-10  ohm* cm;  the  breakdown  strength  (in 
short-time  test)  is  l6.8  kv/mm.  Capron  is  stable  to  concentrated  alka¬ 
line  solutions,  it  is  insoluble  in  carbon  tetrachloride,  dichloroe thane, 
acetone  and  other  organic  solvents;  it  dissolves  in  concentrated  hydro¬ 
chloric,  sulfuric,  formic  and  acetic  acids,  and  in  m-cresol:  it  is  de¬ 
composed  in  concentrated  nitric  and  phosphoric  acids,  it  is  damaged  by 
hypochlorite  and  peroxides,  and  is  bleached  by  sodium  chlorite.  It  is 
not  attacked  by  microorganisms  and  insects  and  does  not  show  a  physio¬ 
logical  affect  on  human  skin.  It  is  well  colorable  by  certain  direct 
and  vat  dyestuffs.  The  breaking  length  of  the  thread  is:  41-50  km  for 
the  common,  and  60-76  for  the  strengthened  thread,  32-46  for  the  staple 
fiber.  (The  following  figures  in  parentheses  refer  to  filament  -  common 
and  strengthened  -  and  to  staple  fiber,  respectively.  )  Temporary  breedc- 
Ing  strength  47-57  kg/mm  (69-86;  3t>-53)-  Loss  in  strength:  in  wet 
state  12.0-16.0^  (11.0-15.0,  3.7-15),  in  a  loop  2.0-6. 0%  (8.0-12.5; 

12. 0-I3. 0).  BreaJcing  elongation  at  standard  conditions  20-325^  (15-16; 
45-60),  in  we^  state  24-335^  (17-18;  50-65).  Modulus  of  elasticity  210- 

p 

270  kg/irm  (320-260);  initial  modulus  of  elasticity  (at  elongation  by 
1$^)  2-3  kg/mm^,  modulus  of  shear  in  torsion  4500-^00  kg/cm^  6400-6800, 
-);  elasticity  at  stretching  by  45^-1005^  (100,  -),  by  105t  97.2  (100,  -); 
elasticity  of  the  fibrous  body  (degree  of  restoration  after  the  ccmipress- 
ing  load  is  removed)  after  1  min:  (-,  88.1^),  after  30  min: 

(-,  94. 85^)  stability  to  ultraviolet  irradiation  (loss  of  strength  after 
20  hrs  irradiation)  24.4-42.1^  (25.5-31.2);  the  stability  to  repeated 
bending  is  2  times  higher  (for  the  ccmion  filament)  than  that  of  Nylon- 
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66,  and  Anld,  but  the  heat  resistance  and  resistance  to  wear  are  lowf-r. 
Capron  has  a  smooth  surface  and  a  round  cross  section.  The  assortment 
of  produced  capron  filament  is:  and  64,  1^)0,  200,  300  (coRimon 

thread);  3OO,  450,  600  (single  fiber);  34.5,  10.4  (strengthened  thread) 
1500-3000  (staple  fiber). 

Technical  purposes  are:  filament  for  tire  cord,  driving  belts, 
filter  fabrics  (not  for  acids),  cables,  strings,  parachute  yarn,  lining 
fabrics  for  sails  and  shoes,  working  and  protective  clothes,  lining 
fabrics  for  railway  cars,  aircraft,  automobiles,  insulating  materials, 
etc.;  monofilament:  for  fishing  tackle  and  nets,  mats,  brushes,  paint 
brushes,  mill  sieves,  etc. ;  staple  fiber  for  filter  materials  and  for 
the  production  of  diverse  technical  fabrics  with  a  high  wearing  resist¬ 
ance.  For  general  purposes  are  used:  filament  for  hosiery,  underwear 
for  men  and  women,  etc.;  monofilament  for  hosiery,  glcves,  gripsacks, 
brushes,  etc.;  staple  fiber  for  the  manufacture  of  dresses  for  men  and 
women,  linen,  rugs,  etc.  Staple  fiber  is  added  to  yarns  from  wool, 
cotton  and  viscose  staple  fiber  in  order  to  improve  the  physicomechani- 
cal  properties.  Elastic  thread  for  haberdashery  is  manufactured  from 
caprone  filament  tnreai. 

Referencss:  Klare  ,  Khlmiya  i  tekhnologiya  poliamidnykh  volokon 
[Chemistry  ano  r'-icnnoi':^^  Polyar.ido  Fibers],  translated  from  German, 
Moscow,  1956;  Hopff  G. ,  MUller  A.,  and  Wenger  F.  .  Pcliamidy  [Polyamides 
translated  from  German,  Moscow,  195- ;  Natanson  I.A. ,  Flzichoskiye  i 
Khimichesklye  svoystva  novykh  sinteticheskikh  volokon  [The  Physical  and 
Chemical  Properties  of  the  Modem  Synthetic  Fibers],  Moscow,  lOt'C; 
Derdna  N.  V.  Tel  al.  ],  "Khinlcheckiye  volokna,”  ly.O,  .’Jo. 

E. M.  Ayzenshtayn 
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CARBAMIDE  ADHESIVE  --  Is  the  resln-llKe  product  of  the  condensation 
of  urea  with  formaldehyde,  which  beccmieo  cured  by  addition  of  acid  sub¬ 
stances  (change  of  the  pH  of  the  medium)  at  room  temperature  or  by  heat¬ 
ing.  Fillers  (wood  powder,  starch,  dextrin,  mineral  substances)  and 
plasticizers  are  added  during  the  production  of  carbamide  adhesives  in 
order  to  avoid  a  shrinking  and  cracking  of  the  hardened  adhesive  layer. 
The  low  stability  of  the  carbamide  adhesive  against  water,  especially 
hot  water,  may  be  partially  reduced  by  addition  of  melamine- formaldehyde 
resins  to  the  compoun  d.  The  carbamine  adhesives  are  used  for  the  bond¬ 
ing  of  wood  (the  adhesive  grades  K-17,  and  MKh-4),  of  plywood  (adhe¬ 
sives  of  the  grades  M-],  NIIP-M-3#  MFS-1,  and  M-60)  and  for  the  pro¬ 
duction  of  woodpulp-resln  plates  (adhesive  grade  M-48).  Foamed  carba¬ 
mide  resins  obtained  by  mechanical  mixing  of  the  liquid  resin  with  air 
are  p/'io  used  for  bonding  wood.  The  amount  of  the  adhesive  used  is  re¬ 
duced  by  3-^  times  in  this  case  owing  to  the  increased  volume  of  the 
foamed  resins,  Poaaiing  agents  (curface-active  substances)  are  added  to 
improve  the  stability  of  the  foamed  carbamide  resins.  Powdered  resins 
obtained  by  spraying  the  liquid  resin  (by  means  of  centrifugal,  mechani¬ 
cal  or  pneumatic  devices)  and  subsequently  drying  the  fine  particles  in 
hot  air,  superheated  steam  or  in  a  gas  at  a  fixed  temperature  are  also 
used  for  the  production  of  adhesives  Instead  of  the  liquid  carbamide 
resins.  The  use  of  powdered  carhamlde  resins  facilitates  the  transport 
of  the  basic  raw  material  and  simplifies  the  production  of  adhesives. 
Higher  water-  and  heat-resistant  adhesives  obtained  by  condensation  of 
melamine  and  formaldehyde,  curing  in  a  neutral  medium  at  140* 
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as  well  as  carbamide  adhesives;  the  curing  temperature  drops  when  acid 
substances  are  introduced  into  the  compound.  In  --tddltlon  to  the  liquid 
melamine  adhesives,  powdered  adhesives  are  also  used.  The  ccmposltlon 
and  the  properties  of  certain  carbamide  adher Ives  are  quoted  In  the 
Tables  1  and  2  on  page  390. 
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CARBIDE  -  18  «  carbon  coi.ipoun'i  of  a  metal  (metal-like  carbides)  or 
of  a  natallold  (norgnetalllc  carbides),  which  Is  formed  at  a  hlfh  temper¬ 
ature.  Jhe  metal-llKe  carbldoB  are  divided  i.nto  two  groups  according 
to  their  structure.  Carbides  with  simple  structure,  forming  a  lattice 
of  metal  atone  and  hollowd  in  which  the  carbon  atoms  are  placed  (tltan- 
lua,  clrconium,  hafnium  carbides,  etc. )  belong  to  the  first  group.  Car¬ 
bides  with  a  complex  structure  (chromium,  manganese,  tungsten  carbides) 
belong  to  tha  second  group.  The  principal  physicochemical  and  mechani¬ 
cal  properties  e>'  metal-like  and  norcnetalllc  carbides  are  given  In  Ta¬ 
ble  1. 
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Properties  of  ‘he  Carbides  of  High-Melting  Metals 


r 

1.  uifm  1 

■■t-ii  '« ii« 

fn  ^ 

K  loAf.l 

lift 

Wa'M  tMII 

1 

1 

NW. 

,  J.  .j-fim 

1|>-  H> 

q  i;aiiAHji 
^  IMM.tl  ll.t 

M-,I. 

e> 

lo 

Uet'AiU 

n**"* 

11  " 

Kep6ii  1 
6»|i4 

12 

IvefiAM.i 

1  |■t•WWMH 
1,  «... 

49  ll 

.. 

til.)  St 

VC 

1..  •; 

l»S  47 

.'So  04 

SO. 1,19 

40  ’u 

90  A 

40  4 

M  «> 

.u  . 

.<■  ; 

SO  0 

2  on 

>')  > 

:•» 

li  !■; 

1  •  -.4 

4  I  1 

4  4ii 

n.': 

%: 

21*  ’>  ’ 

t  di 

• 

'  la 

1  <a  4 

4.T4 

1  7 

1  S  77 

1.1, 4J 

i  Zi 

nio 

1044 

.'4i» 

|7^) 

:s7« 

2  IS4 

iiOH 

U  14 

r.  ? 

JJ  A 

.*  ft 

: 

I 

40.0 

1.1  • 

II  0 

t 

. 

7T 

• . 

a 

t  V 

•  ti 

•' . 

«  ‘  <> 

0 

i»  .. 

■ 

0 

I'J  4 

M 

23 

»2  S 

44 

■•i* 

4»'.> 

.•1- 

1)  -ii  .4  44 

04 

4 

‘  " 

•'  ' 

■  •• 

•1 

Id  -• 

1"" 

Ml 

III' 

s  1  4 

(Jw’-J'-VO*} 

. . 

1  t»<)  .c40*l 

- 

'  -1 

:  1  ; 

, 

.  1  ..  j 

r  u 

4  U 

?  . 

J 

••  M  : 

]> 

94400 

cjn  -1  ! 

•  < .  t 

4 

j  , 

M 

:  u4 

iSOuu 

iir  ■  ■  • 

t 

...  • 

'  ..  '  '* 

■ 

•  an 

ii;  4 

}| 

•  t 

14 

04 

04 

,  I. ... 

.... 

1  lO 

;4«o 

ltt« 

•  ' 

1  7«  . 

S.|e 

M  Properties;  i)  tlta.niun  carbide;  i)  rlrcor.tur. 
c-rblde;  -j)  vanadium  carbide;  !  nlot'la’",  artlle 
6)  chrcr..ium  carbide;  i)  molyiideriu.'r.  .arrlde;  1..} 
uChnluB  .carbide;  12)  boron  carbide;  1  ;  illicori 
v-elKhl ;  15)  carbon  content:  Ic)  at. 'ml.;  %:  17)  t 


carbide;  •)  hafnium 
;  ’)  tantalum  'arblde; 

-arbll-j;  11) 
■arbldf;  1-)  mol.,,  ular 
by  wel.;/;*,;  V"'  ;  rcent- 


I-llKl 


gen);  19)  melting  point;  20)  heat  of  formation  at  298“K  (kcal/mole);  21) 
entropy  of  the  formation  from  the  elements  (cal/mole* ®C);  22)  c  at  20® 
(cal/TOole* ®C);  23)  at;  24)  X  (cal/cm* sec* ®C;  25)  p  (mi£ro-ohm* cm) ;  26) 
thermal  coefficient  of  the  electric  resistance  (degree  1*103);  27)  ther- 
mo-emf  (microvolt/degree);  28)  work  function  (ev);  29)  E  (kg/mm^);  30) 
bending  strength  (kg/mm^);  31)  porosity;  32)  (kg/mm2). 

Carbides  belong  to  the  highest  melting  compounds.  Hafnium  carbide, 
for  example,  has  a  t°^  of  3890° j  and  the  alloy  from  80  mole-5^  TaC  and 
20  mole-5^  HfC  a  melting  point  of  about  4000®.  The  microhardness  of  car- 

p 

bides  is  high,  it  is  equal  to  33OO-5OOO  kg/mm  for  nonmetallic  carbides* 

Metal-like  carbides  have  a  high  electric  and  thermal  conductivity, 
near  to  the  analogous  properties  of  metals.  They  are  metallic  conductors 
with  a  positive  temperature  coefficient  of  the  electric  resistance. 

Some  carbides  (HfC,  ThCg)  and  alloys  of  uranium  and  zirconium  carbides 
are  characterized  by  high  thermoemission  properties  under  both  normal 
and  conversion  conditions.  Carbides  of  tantalum,  niobium  and  molybdenum 
pass  at  relatively  high  temperatures  into  a  superconducting  state.  The 
thermal  expansion  of  the  metal-like  carbides  is  equal  to  60-70^  of  that 
of  the  corresponding  metals.  Their  moduli  of  elasticity  have  high 
values.  The  metal-like  carbides  are  brittle  and  become  plastic  at  hig 
temperatures  only  (1400-1900®). 

Nonmetallic  carbides  (B^C,  SIC)  have  a  high  specific  electric  re¬ 
sistance  at  normal  temperature  and  are  semiconductors  with  great  value? 
for  the  width  of  the  forbidden  zone.  They  possess  a  high  hardness,  brit¬ 
tleness  and  wear  resistance.  Their  melting  point  is  lower  than  that  of 
metal-like  carbides,  moreover,  they  melt  under  decomposition  or  decom¬ 
pose  before  the  melting  point  is  reached.  The  specific  heat  of  boron 
and  silicon  carbide  increases  with  rising  temperature,  the  values  of 
the  specific  heat  at  230®  and  1330°  being  0. 13  and  0. 40  cal/g* ®C  for 
B(^C,  and  0. 30  and  0.66  cal/g  ®C  for  SiC,  respectively. 

Carbides  prove  a  high  chemical  stability  to  cold  and  heated  acids 
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and  their  mixtures.  Thus,  titanium  carbide  is  stable  In  cold  and  hot 
hydrochloric,  sulfuric,  phosphoric,  and  oxalic  acid,  in  cold  perchloric 
acid,  and  also  in  mixtures  of  certain  acids.  Chromium  carbide  Is  charac¬ 
terized  by  a  particularly  high  chemical  stability:  Is  stable  to  almost 
all  acids  and  their  mixtures.  The  nonmetalllc  carbides  of  boron  and 
silicon  prove  a  still  higher  chemical  stability.  Concentrated  and  di¬ 
luted  acids  and  their  mixtures  do  not  affect  boron  carbide  for  a  long 
time  both  in  cold  and  at  the  boiling  point,  excluded  mixtures  of  sul¬ 
furic  and  nitric,  and  also  hydrofluoric  and  nitric  acids.  Boron  car¬ 
bide  is  also  resistant  to  the  action  of  diluted  and  concentrated  alka¬ 
lis  (Table  2). 


TABLE  2 

Acidproofness  of  Carbides 
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*  P.  r.  =  total  dissolution;  P.  b.  ch.  =  d-i '=Polut1  on  of 
the  greater  part  of  the  carbide;  N. r.  =  Insoluble; 

Ch. r.  =  partially  soluble. 

1)  Temperature  of  the  acid;  2)  treatment  time 
(hours);  3)  acid  (concentration);  4)  quantity  of 
the  insoluble  residue  (in  %)  after  treatment;  5) 
boiling;  6)  P.  r. ;  7)  R.  b.  ch. ;  8)  N.  r. ;  9)  Ch.  r. 

Many  of  the  carbides  possess  high  refractory  properties.  Crucibles 
from  titanium  carbide  or  an  alloy  from  titeuilum  and  chromium  carbides, 
for  example,  do  not  become  wet  and  do  not  react  during  10  hours  with 
molten  tin,  bismuth,  lead,  cadmium  and  zinc.  Molten  copper  at  1100°- 
1300°,  eund  silver  at  980"  in  vacuum,  aluminum  at  700°  in  argon  atmos¬ 
phere  do  not  wet  titaniirr  carbide.  An  alloy  of  805^  TiC,  WC,  or  TaC, 
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and  15^  Co  Is  for  mors  than  I50  hrs  stable  to  the  action  of  molten  so¬ 
dium  and  bismuth  at  900-1000®.  fhe  carbides  of  zirconium,  chromium, 
molybdenum,  tantalum,  tungsten,  and  titanium  do  not  react  in  contact 
with  the  analogous  metals  when  heated  to  1800-2000®. 

Carbides  are  prepared  by  reduction  of  metal  oxides  with  carbon  ac¬ 
cording  to  the  schematlcal  reaction  MeO  +  C  MeC  +  CO  or  by  direct 
combination  of  metals  with  carbon.  The  preparation  of  pure  carbides  is 
carried  out  by  reduction  of  metal  oxides  with  carbon  in  vacuum,  and  con¬ 
tinuous  exhaustion  of  the  carbon  monoxide  generated  during  the  reaction. 
The  production  of  carbides  with  commercial  qualities  is  usually  carried 
out  in  electric  resistance  furnaces  with  graphite  tube. 

Objects  were  produced  from  carbides  by  the  methods  of  powder  metal¬ 
lurgy;  molding  of  powder-blanks  in  metallic  dies  with  following  heat 
treatment  (sintering)  at  high  temperatures  (2000-2500®)  in  protecting 
gas  media  or  in  vacuum;  by  hot  pressing  of  the  powder  in  graphite  molds, 
the  processes  of  pressing  and  sintering  occur  simultaneously  in  this 
case. 

Interalloys  of  carbides  which  have  a  face-centered  cubic  lattice 
i. e.,  of  monocarbides  of  the  IV  and  V  group  of  the  Periodic  System:  ti 
tanlum,  zirconium,  hafnium,  vanadium,  nlobluir'  and  tantalum,  form  con¬ 
tinuous  series  of  solid  solutions.  These  alloys  are  characterized  by 
resistance  to  wear  and  a  minimum  of  mechanical  strength.  The  highest 
absolute  values  of  microhardness  have  been  found  in  the  systems  TIC  - 
ZrC  (3100  kg/mm^  at  75  nle-J^  TIC)  and  TiC  -  TaC  (3000  kg/mm^  at  75 
mole-^  TIC). 

Viscous  metals  (nickel,  iron,  cobalt,  etc.  )  are  frequently  added 
to  carbides  in  order  to  accelerate  and  facilitate  the  process  of  pro¬ 
duction  of  compact  f'arbide  products,  which  otherwide  proceeds  with  dif¬ 
ficulty  owing  to  the  high  brittleness  of  carbides;  at  the  same  time, 

593 


I.11K4 

additions  raise  the  structural  stability  of  these  materials  termed 
cermets.  A  series  of  technical  alloys  was  developed  on  the  basis  of  the 
carbides  of  titanium  and  chromium  with  metallic  binders,  having  a  den¬ 
sity  from  5  to  8  g/cm^,  and  relatively  high  strength  properties  (Table 
3).  The  loss  in  strength  at  high  temperatures  is  in  these  alloys  very 
much  smaller  than  in  metallic  alloys. 

TABLE  3 

Properties  of  Alloys  on  Basis 
of  Titanium  and  Chromium  Car¬ 
bides  with  Nickel  and  Cobalt 


CoAeMHuiiiHe 
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5.0 
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6.2 

64.0 
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47.3 

2.5 

50.0 
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■  t  .& 

161.7 

32,0 

60.0 

— 

77  5 

154.6 

60.0 

- 

— 

20 

60.0 

67.6 

63.0 

— 

30 

67  5 

60.6 

43.0 

<2.0 

40 

6.3 

67.0 

66.4 

45.0 

5.0 

50 

6.4 

64  0 

161.7 

32.0 

6.0 

60 

6.6 

61.0 

161.7 

1)  Carbide  content  (^);  2)  me¬ 
tal  content  (5^)j  3)  g/cm3;  4) 

®lzg 


The  strength  of  carbide-metal  alloys  is  maintained  up  to  higher 
temperatures  than  is  observed  in  heatproof  alloys  on  metallic  basis 
(Table  4). 


TABLE  4 

Dependence  of  the  Strength  of  Carbides  on  the  Tempera¬ 
ture 
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Ihe  usual  methods  of  machining  are  unsuitable  for  products  from 
carbides.  Ultrasonic  ^^^reatment  providing  a  roughness  of  the  machined 
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surface  of  the  8-9  class  Is  applied  In  this  case.  The  working  conditions 
of  the  ultrasonic  treatment  of  certain  carbides  are  given  In  Table 
Electrolytic  polishing  of  carbide  products  Is  also  possible. 

TABLE  5 

Relative  Workability  of 
Carbides  (Frequency 
18,000  cps) 
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1)  Carbide;  2)  relative 
density  of  the  material 
{^)>  3)  depth  of  cutting; 

4)  workability  coefficient 
(ratio  between  the  wear  of 
the  material  and  that  of 
the  tool). 

Carbides  of  high-melting  metals  have  found  a  wide  utilization  In 
cermet  alloys  for  cutting  tools,  for  example;  in  special  refractories, 
and  for  protection  tubes  of  thermocouples  for  the  measurement  In  fur¬ 
naces  with  reducing  and  inert  gaseous  media  and  in  vacuum  up  to  2500*; 
in  nuclear  technology;  as  a  composite  of  welding  hard  alloys  auid  of 
acidproof  materials. 

References;  Samsonov  G.  V. ,  Portnoy  K. I. ,  Splavy  na  osnove  tugoplav- 
kikh  soyedineniy  [Alloys  on  Basis  of  High-melting  Compounds],  Moscow, 
I96I;  Umanskly  Ya.  S. ,  Karbldy  tverdykh  splavov  [Carbides  of  Hard  Alloys], 
Moscow,  19^7;  Samsonov  G.  V. ,  Tugoplavkiye  soyedlnenlya  [High-Melting 
Compounds],  a  handbook  on  their  properties  and  application,  Moscow, 

1963;  Kharchenko  V.  K. ,  and  Struk  L.  I. ,  "Poroshkovaya  metallurglya"  [Pow¬ 
der  Metallurgy],  1962,  No.  2;  Tekhnika  vysokikh  temperatur  [High  Temper¬ 
ature  Engineering],  edited  by  1.  £.  Campbell,  translated  from  English, 
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Moscow,  1959>  Kratkly  spravochnik  Inzhenerafizlka  [Chort  Handbook  for 
Fhyslos  and  Engineers],  Moscow,  1961. 

K.  I.  Portnoy 
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CARBINOL  ADHESIVE  -  la  a  compound  containing  stabilized  "carblnol 
cyrup"  (100  parts  by  weight),  benzoyl  peroxide  (3  parts  by  weight), 
Portland  cement  grade  400  (50  parts  by  vreight)  and  pure  ccMBnerclal  ace-  ' 
tone  (15  parts  by  weight).  The  initial  product  (the  "carblnol  syrup") 
is  obtained  by  heating  dimethyl  vinyl  ethinyl  carblnol  in  a  vacuum  at 
60-655^.  Carblnol  adhesive  is  used  to  bond  ceramics,  plastics,  metals 
and  other  materials  which  have  working  temperatures  of  up  to  60*  in  an 
atmosphere  of  low  humidity.  Other  proportions  of  the  ccxnponents  and 
other  hardeners,  fillers  and  solvents  are  also  possible.  The  syrup  with¬ 
out  hardener  can  be  stored  for  6  months. 

The  1st  method  of  the  preparation  of  carblnol  adhesive  is:  the 
carblnol  syrup,  previously  d^'ssolved  in  acetone,  is  mixed  with  benzoyl 
peroxide.  The  mixture  Is  heated  at  50-53“  for  2.5-3  hours  until  a  vis¬ 
cosity  of  3000-5000  centlpoises  Is  attained.  Thereupon,  the  mixture  Is 
cooled  to  20-25*.  The  working  life  of  carblnol  adhesives  is  2-2.5  hrs 
when  stored  in  a  cool  and  dark  place.  2nd  method;  the  carblnol  syrup 
and  the  benzoyl  peroxide  (with  or  without  cement)  are  mixed  at  18-25* 
for  30-40  minutes  and  then  stored  for  3-4  hours.  The  bonding  with  carba¬ 
mide  adhesive  is  carried  out  at  15-30*  with  a  holding  time  of  24-30 
hours,  and,  when  heated  up  to  60-70®,  in  6-8  hours.  The  pressure  during 

p 

the  bonding  must  be  not  lower  than  0.5  kg/cm~.  Tne  shearing  strength 

2 

of  Duralumin  joints  bonded  with  carbamide  adhesive  Is  (in  kg/cm  ):  50 
at  — 60*;  120  at  20®,  and  I30  at  60*;  it  is  equal  to  80  at  20®,  a  humi¬ 
dity  of  98%,  and  30  days  after  the  bonding  was  carried  out.  The  adhe- 
slve  consumption  is  100-200  g/m  .  Joints  bonded  by  carbamide  adhesive 
are  only  limitediy  shakeproof  and  llmitedly  resistant  to  the  effects  of 
fungi,  fuel  and  oils. 

D.  A.  Kardashev 


'.1. 


597 


I-I4K 


CARBOLIT  —  see  Molded  Ptienoplast. 
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CARBON  CHAIN  FIBER  -  synthetic  fibers  from  polymers  whose  macro- 
molecules  contain  only  carbon  atoms  In  the  base  of  the  chain.  Proper¬ 
ties  of  the  polymers  (and  of  fibers  made  from  them)  can  be  varied  by 
changing  the  character  of  functional  groups  In  the  macromolecule  or  the 
regularity  of  the  polymer's  structure.  The  carbon  chain  fibers  are  pro¬ 
duced  on  an  extensive  raw  materials  base  (ethylene  and  acetylene)  and 
are  obtained  by  spinning  from  softened  polymer  (almost  all  the  carbon 
chain  polymers  or  thermoplastic)  by  extrustion  through  spinnerets,  from 
the  x*nelt  or  solution  of  the  polymer  (Teflon  Is  spun  from  the  dispersion 
of  the  polymer).  The  melting  temperature  of  almost  all  the  carbon  chain 
polymers  is  higher  than  their  decomposition  temperature.  Ihe  majority 
of  carbon-chain  polymers  is  highly  resistant  to  acids  and  alkalis.  To 
Increase  the  strength,  carbon-chain  fibers  are  stretched  by  a  factor  of 
lC-20;  to  reduce  shrinkage  they  are  heat  treated  at  140-180*.  They  are 
produced  in  the  form  of  filament  thread,  staple-  or  monoflber  of  the 
following  types:  fibers  from  acrylonitrile  polymers  and  copolymers  (Or¬ 
ion,  nitron,  Acrilan,  Vinyon  N,  Verel,  etc);  fibers  from  the  copolymer 
of  vinyl i dene cyanide  and  vinyl  acetate  (Darvan):  fibers  from  polyswrs 
and  copolymers  of  vinyl  chloride  (Rhovyl,  Pe-Ce,  chlorln,  Saran,  Vinyon 
HH,  etc.  );  fibers  frcan  polyvinyl  alcohol  (Vinylon,  Kuralon,  Mewlon), 
etc.;  fibers  fro-rr.  polystyrene  (Styroflex,  Shalon);  fibers  from  polyol¬ 
efins,  that  is,  from  polyethylene  (Polythene,  Reevon),  from  polypropy¬ 
lene  (prolen,  Morlen,  etc.';  fibers  from  fluorl ie- 'ontalning  polymers 
(Teflon,  polifen,  ftorlon,  elc.  ). 

References:  Kogovin,  Z.A.  Osnovy  khlmli  1  tekhnologl?  rcirwistva 
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khlnlchesklkh  volokon  [Fundamentals  of  the  Chemistry  and  Technology  of 
Chemical  Fibers  Production],  2nd  edition,  Moscow,  19S»7j  Koch,  P.A. ,  "Z. 
ges.  Tcxtilind.  ”  [Textile  Industry  Journal],  Vol.  6o,  No.  1,  page  17, 
1958;  Vol.  61,  No.  3.  page  87,  1959;  Vol.  62,  No.  1,  page  3,  I960. 


Z.A.  Zazullna 
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CARBON  STRUCTURAL  CASTING  STEEL  -  ordinary  unalloyf  cl  .';tccl  for 
cast  machine  components.  Carbon  casting  steels  differ  frof/;  shaping 
steels  of  similar  composition  in  their  lower  plasticity  in  Impact 
strength;  these  two  types  cf  steel  differ  only  slightly  In  physical, 
chemical,  and  technical  characteristics  (specific  gravity,  themal  con¬ 
ductivity,  corrosion  resistance,  weldability,  etc.).  According  to  GOST 
977-58,  carbon  structural  casting  steels  are  used  for  three  groups  of 
shaped  castings  (ordinary-quality,  high-quality,  and  especially  high 
quality),  which  differ  in  the  requirements  imposed  on  their  chemical 
composition  and  mechanical  characteristics.  Tables  1  and  2  show  the 
chemical  -lomposltion  of  steels  of  this  type. 


TABLE  1 

Chemical  Composition  of  Carbon  Structural  Casting 
Steels  (GOST  977-58) 
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1)  Steel:  2)  c^^ntent  o*'  elcr.cnts  (jt) :  3)  more 
thar;;  U)  l^L;  5)  20L;  6)  25i>:  7)30L;  8)  35L:  t) 
40L;  10)  45L;  II)  pOL:  12)  55L. 


Table  3  shews  the  mechanical  characterls*  1  3  of  annealed  or  nor- 
m.alized  carter,  stricturai  casting  steel,  according  to  GOST  977-58.  The 
annealing  or  I'.crr.alisat ion  icrreraturc  is  assured  tc  be  3f^50°  above 
the  up;  er  ?rit  l  .’al  ,o:int  Ac.,,  it  Is  not  necessary  to  chtc'fC  the  mechanl- 


Ill-lOofel 


TABLli;  C’ 


I'crriilGLi  Iblo  Sull'nr'  ;n\(\ 
phorcua  Content;;  of  Carbon 
Structural  Cast  in/';  SteeJ;; 

'■  -  rr- 


i 

rpyii(i.i 


<%),  M**  tntjfvv 

i  j  *1 


erJiawtH  j 

1 

,)  s 

m 

c 

X 

■'  £ 

n 

k 

7 

sir  i 

5  c.  X 

■lit  1 

1 

? 

r; 

0 

X 

L7 

ki 

*  ^ 

c  *. 

X  •' 

\  1 

I  riiynM.i 

0 .  (1  r» 

j  ll.liK 

11, lU  11. lib  1 

0  1  oil  i 

11 . 

1  II  1'iiyiiit.i 

(1. 

)  1 

II.  (Ill  11.04 

1) .  (If)  1 

ft  SPH 

111  rpyiiMk 

0 .  ij4'' 

-  -  M*  1 

».<t  1  ; 

— 

_ 11  - 

_ 

j _ 1 

1  1 

i 

..  - 

1)  Group  of  castings;  2)  content  of  elements  (%) ,  no  more  than;  3 
sulfur;  4)  phosphorous;  b)  method  of  smelting  steel;  6)  basic  ;  7 
acidic;  8)  Converter;  9)  group  I;  10)  group  II;  11)  group  III. 


TABLE  3 

Minimum  Mechanical  Charac¬ 
teristics  of  Carbon  Struc¬ 
tural  Casting’:  Steel  In  an¬ 
nealed  or  normalized  state. 
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1)  steel;  2)  kg/mm^;  3)  kg-m/cm^ ;  4)  I5L;  5)  20L;  6)  23L;  7)  30L;  8) 
SSL  9)  40L;  10)  451.;  11)  50L;  12)  55L; 


Fig.  i.  Mecharlcal  characteristics  of  castings  as  a  function  of  carbon 
content  and  tvpi  ■  heat  ti-eatcient :  •  —  •  -  annealing;  - nor¬ 
malization;  - N<  rrai  Izatlon  and  Tempering  at  650°.  1)  kg/mm." ;  2) 
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cai'bon  content,  3)  k/'-in/ciM'. 

cal  charactci’latlc B  of  i^ruup  I  caGtin/’;c,  thic  yJold  ctrf  ri^th  ar'n' 
tlve  eloncatlon  of  j^roup  II  caGtin|j;c  muat  be  chicckcrJ,  whiiJe  the  yleJh 
sti’encth,  relative  clon(;:ation,  and  Impact  atrcri/^th  of  /^roijp  III  cast¬ 
ings  must  be  checked. 

The  mechanical  characteristics  of  castings  of  types  21>Ir'i;;>L 
steel  with  walls  up  to  15  mm  thick  can  bo  increased  quenching  and  tem¬ 
pering.  The  quenching  temperature  is  selected  so  as  to  be  20-30°  above 
the  upper  critical  point  Ac^,  while  the  tempering  temperature  is  se¬ 
lected  In  accordance  with  the  mechanical  characteristic:  'required, 
figure  1  shows  the  mechanical  characteristics  of  carbon  structural 
casting  steel  as  a  function  of  carbon  content  and  type  of  heat  treat¬ 
ment.  The  Influence  of  tempering  temperature  on  the  mechanical  char¬ 
acteristics  of  ater-quenched  30b  steel  is  shown  in  Fig.  2.  Quenching 
of  sections  of  45L  steel  (0.44^  C,  0.37^  Si,  and  0.8^  Mn)  up  to  15  r.r. 
thick  from  850°  in  oil  makes  it  possible  to  obtain  an  ultimate 
strength  of  more  than  80  kg/rnm  and  satisfactory  plasticity  and  Impact 
strength  (<5^  >  ‘0^,  V'  >  30kg,  and  30  and  >  3  I'-g-t/cm^)  after 
tempering  at  600°.  Increasing  Ihc  casting  thickness  reduces  all  the 
mechanical  characteristics  and  the  density  of  the  raw  and  annealed 
steel. 

Figures  3  aj'-d  4  show  the  Influence  of  elevated  and  low  temipera- 
tures  on  the  mechanical  characteristics  of  carbon  structural  casting 
steels.  The  creep  strength  of  301-  steel  has  a  function  of  temperature 
and  loading  time  is  shown  in  Fig.  5. 

The  physical  characteristics  of  these  steels  Include:  a  specific 
gravity  that  depends  on  carbon  content  and  the  state  of  the  steel  (an¬ 
nealed,  quenched),  ranging  from  7.06  to  7.82  for  the  types  mentioned. 


603 


III-106s3 


Pig.  2,  Mechanical  characteristics  of  30L  steel  (O.'iO^  C,  0.^^%  Ci, 
0.755^  Mn,  0*035^  Pi  ai^d  0.026$^  S)  as  a  runctlon  of  tempcrlri[:  ter.i[;crature 
after  quenching  In  water  from  900°.  1)  kc/mm2j  p)  ♦■cfriperir-r  i  f  mr  erature 
“Cj  3)  kg-m/cm". 


Fig.  3.  Mechanical  characteristics  of  20L  steel  (0. 18^  C,  0.19^  SI,  p 
0,775^  Mn,  Q.064^  P,  and  0.043^  S)  at  elevated  temperatures.  1)  kg/mr/^; 
2)  kg-m/cm^^j  3)  temperature,  °C. 


2  *C 


Fig.  4.  Mechanical  characteristics  of  45L  steel  at  low  temperatures: 
-  tempering  at  550°i  - tempering  at  650°.  1)  kg/mm^;  2)  tem¬ 
perature,  °C;  3}  kg-m/cm^. 


above:  a-10^  (l/°C)  =  11.1  (2u-i00°),  12.1  (20-200°),  12.8  (20-300°), 
13.4  (20-400°),  13,9  (20-500°),  14.5  (30-600°),  X  =  0.185-0.102  (100°), 
0.159-0.132  (200°),  0.113-0.085  (400°),  and  0.098-0.075  (500°)  cal/ 
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Fig.  5*  Creep  strengthpOf  30L  ateel  as  a  function  of  temperature  amJ 
loading  time,  l)  kg/mm^;  2)  temperature,  °C;  3)  hr. 


Fig.  6.  Flowablllty  of  15L  and  35L  steels  as  a  function  of  quenching 
temperature:  l)  15L  steel;  2)  35L  steel,  a)  flowablllty,  mm;  b)  quench¬ 
ing  temperature,  ®C. 


/.cm. sec '’C,  and  c  =  0.113  (0-100°),  0,115  (0-200°),  0.124  (0-400°),  and 
0.136  (0-600°)  cal/g.°C. 

The  critical  points  of  I5L  steel  are  Ac^  =  735°»  Ac^  =  86O®,  Ar^  = 
=  840°,  and  Ar^  =  685°,  while  those  of  55L  steel  are  Ac^  =  727°,  Ac^  = 

=  774°,  Ar^  =  755®,  and  Ar^  =  690°. 

As  for  the  technical  characteristics  of  these  steels,  their  flow- 
ability  Increases  with  quenching  temperatuie,  as  shown  in  Fig.  6.  When 
the  quenching  temperature  Is  kept  constant  flowablllty  Increases  with 
carbon  content.  The  linear  shrinkage  of  carbon  structural  casting 
steels  ranges  from  1.3  to  2.2%  for  free  shrinkage  and  from  1.4  to  l.SjC 
for  Impeded  shrinkage.  The  cracking  resistance  of  steels  of  this  type 
depends  on  their  carbon  content  and  the  quenching  temperature.  Cracking 
resistance  Is  determined  in  a  special  apparatus,  using  a  cast  specimen. 
It  Is  characterized  by  the  force  In  kg  required  to  cause  cracking  of 
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the  solidifying,  cooling  metal  during  clirlnkagc.  r>t(.ol  with  a  carhon 
content  of  0.2^  has  the  highest  cracking  I'CsicLancc  durlru'  imf^eded 
shrinkage  (1.2-1. 3^)-  Type  I5L  steel  has  a  high  weldability,  wliile 
types  45L-55L  have  a  low  weldability.  Figure  7  shows  the  hardenabil j t,/ 
of  carbon  structural  casting  steels.  The  rnachlnabillty  of  thiesc  steels 
Is  satisfactory. 


Fig.  7.  Hardenablllty  of  carbon  structural  casting  steel  as  a  function 
of  carbon  content:  1)  0.2^  C;  2)  0.3%  C;  3)  0.h%  C  (determined  by  end 
quenching),  a)  Rockwell  hardness,  RC;  b)  distance  from  quenched  end, 
mm. 

Carbon  structural  casting  steels  are  e.aployed  for  various  cast 
machine  components  In  shipbuilding,  locomotive  building,  boiler  and 
pipe  fabrication,  the  production  of  road-building  n:achlnery,  the  petro¬ 
leum,  metallurgical,  automobile,  and  tractor  industries,  etc.  These 
steels  can  be  used  to  cast  components  weighing  fror.  several  £  to  200  t 
or  more.  Types  15L  and  20L  are  used  principally  for  cor  pent nts  subject¬ 
ed  to  Impact  loads,  sharp  changes  in  temperature,  or  operation  at  tem¬ 
peratures  of  up  to  400°,  as  well  as  for  components  to  be  cerented. 

Types  25L,  3OL,  and  35L  steel  are  intended  for  ordinary  components  ot' 
assemblies  and  machinery.  Types  45L,  50L,  and  steel  are  used  for 
components  subject  to  wear  and  for  thin-walled  and  heat-treatable  com¬ 
ponents. 

References:  Metallovedeniye  i  term.ichc skaya  obrabotka  stali  1 

chuguna  [Metalworking  and  Heat  Treatment  of  Steel  and  Pig  Iron),  Hand- 
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book,  Moscow,  1956;  SpravochnlK  po  stalyam  L  riictodarn  I  kh  Jrjpytanly 
[Handbook  of  Steels  and  Stecl-Tcntinf;  Methods  | ,  tranoJatcd  from  Gennan, 
Moscow,  I95B;  Llbeman,  L. Ya.  and  Feyslkhlc,  M.I.,  Jpravocrinlk  po 
svoystvam  staley,  prlmenyayemykh  v  ko.>l otruboctroy  nil  [Haridbook  of 
Characteristics  of  Steels  Used  in  Boiler  and  Pipe  Fabrication],  2nd 
Edition,  Moscow-Lenlngrad,  1958;  Akimov,  G. V.  and  Akomova,  K.I.,  Yedl- 
naya  spetslf Ikatslya  metalllchesklkh  materlalov  mashlnostroyenlya 
Soyuza  SSR  [Composite  Specifications  for  Meta?.llc  Machine-Building 
Materials  in  the  USSR],  Pts.  1-2,  Moscow-Leningrad,  19^5>  Pt.  3j  Moscow, 
1948;  Steel  Castings  Handbook,  1950,  Cle/eland,  1950;  Nekhendzl,  Yu. A., 
Stal'noye  lit 'ye  [Steel  Casting],  Moscow,  1943;  Trubitsyn,  N.A. ,  Prlbor 
dlya  opredelenlya  llneynoy  usadkl  1  treshlnoustoychlvostl  splava  [An 
Instrument  for  Detennlnlng  the  Linear  Shrlnk^-ge  and  Cracking  Resistance 
of  Alloys],  Moscow,  1957  (Peredovoy  nauchn.-tekhn.  1  prolzv.  opyt  [Ad¬ 
vanced  Scientific,  Technical,  and  Production  Experience],  Report  32, 

No.  P-57-90-10). 


N.M.  Tukevlch 
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CARB(»J  STRUCTURAL  SHAPING  STEEL  -  unalloyed  steel  used 


In  the  man¬ 


ufacture  of  machine  components.  The  element  resfjonclble  for  all  the 


properties  of  such  steel  Is  carbon.  Steels  of  this  type  usually  contain 
Impurities  of  SI,  Mn,  and  detrimental  elements  (3  and  P);  alloyin^n 
elements  (Cr,  Nl,  Mo  and  Cu)  are  sometimes  present,  passing;  into  the 
metal  from  the  scrap  or  melt.  The  various  types  of  carbon  st  ictural 
shaping  steel  are  distinguished  by  their  C  and  S-P  contents. 


TABLE  1 

Carbon  Content  of  Carbon  Structural  Shaping  Steel 
(GOST  380-60) 
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1)  Steel;  2)  open-hearth  steel;  3)  KSt.l  kp;  4)  KSt.l  kp;  5}  MSt.2  kc; 
6)  MSt.3  kp;  7)  MSt.3;  8)  MSt.4  kp;  9)  iV.St.4:  lO)  MSt.^;  11)  MSt.6; 

12)  MSt.7;  13)  Bessemer  steel;  14)  Bst.O;  15)  £v.t.3ko;  I6)  Bst.S;  17) 
BSt.4  kp;  18)  BSt.4;  I9)  BSt.3;  20)  BSt.6. 


TABLE  2 

M  €  c  h  a  r.  1  j  a  1  C  h^a  ra  c  t  e  r  1  s  1 1  c  c 
of  Carbon  Structural  Shaping 
Steels  (GOST  330-6o) 
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St. 3  kp;  7)  St. 3;  Q)  St. 4,  St. 4  kp;  9)  St. 9;  10)  St. 6;  1])  St 
or  more. 


TABLE  3 

Carbon  Content  of  HlghoQuallty 
Carb''ii  Structural  Shaping 
Steels  (COST  1050-60) 
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1)  Steel;  2)  05kp;  3)  06kp; 
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TABI£  4 

Mechanical  Charact eristics 
of  High-<luality  Carbon 
Structoral  Shaping  Steels 
in  the  normalized  State* 
Aeeording  to  OQ0T  I050-60) 
(no  leas  than) 


“•Re  charaeteoi«t  lea  of 
typea  73*  o^*  and  85  steel 
are  detemined  after  quench¬ 
ing  from  d20*  in  oil  and 
tea^wring  at  4d0*;  cl  is  de¬ 
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in  Mter  and  tempered  at  6OO*. 
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kp;  6 
7;  IJ' 


609 


III-10582. 

Ordinary-quality  carbon  btructural  nhaF)1n/';  stifJc,  whoso  charac¬ 
teristics  are  basically  set  by  COST  38O-60,  can  bo  cllvlcJcO  into  two 
groups  (A,  B)  and  one  subgroup  (C),  depending  on  the  requ  1  rernents  im¬ 
posed  on  them.  Group  A  must  satisfy  rt-qulrcmt  ntc  for  tiechanlcal  charac¬ 
teristics,  group  B  must  satisfy  requix-ewents  for  chcruical  conipos.ltlon, 
and  subgroup  C  must  satisfy  requirements  for  mechanics  1  characteristics 
and  also  for  chemical  composition.  The  C  content  of  r'l-dlnary-quallty 
steels  of  this  type  Is  shown  In  Tables  1  and  3- 

Tables  2  and  4  show  the  mechanical  characteristics  of  ordinary- 
quality  steels  of  group  A  and  subgroup  C. 

Quenching  and  subsequent  tempering  materially  Ir. prove  the  mechani¬ 
cal  characteristics  of  carbon  structural  shaping  steels.  In  some  cased 
It  Is  expedient  to  utilize  the  high  plasticity  of  low-carbon  steel  for 
manufacturing  components  by  deep  drawing,  upsetting,  etc. ,  giving  them 
the  requisite  mechanical  characteristics  by  subsequent  quenching  and 
tempering.  It  is  recommended  that  08  and  10  steels  be  quenched  In  an 
aqueous  alkali  solution  (which  is  best  cooled  to  0°).  Quenching  and 
tempering  give  low-carbon  steel  good  viscosity  and  plasticity  in  addi¬ 
tion  to  high  strength;  In  Its  combination  of  characteristics  In  this 
state  such  steel  Is  equivalent  to  certain  heat-treatable  alloy  steels. 
Low-carbon  steel  has  a  low  hardenablllty ,  so  that  only  cof:.ponents  with 
a  small  cross-sectional  area  are  sub.lected  to  quenching.  Types  08,  10, 
and  20  low-carbon  steel  are  often  employed  In  the  manufacture  of  cement¬ 
ed  or  cyanlded  components,  which  are  haixlened  by  quenching  In  water  and 
low  tempering;  In  this  case  It  Is  principally  the  cemented  surface  lay¬ 
er  that  Is  quenched.  Components  of  med lur, -carbon  steel  arc  sor.etlmes 
cyanlded. 

Corr.poner.ts  with  a  C  content  of  0.30^  or  mere  arc  often  heat-treat¬ 
ed  to  harxjen  their  entire  cross-section.  Figures  1  and  2  shew  the  mech- 
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anlcal  characterlstlcc  of  certain  typcc  of  atecl  aftr  x-  querichlrif^  and 

tempering  at  various  temperatures.  In  order  to  obtain  the  necessary 

viscosity  on  through  hardening  the  steel  is  subjected  to  postquenching 

2 

tempering  to  a  Oj^  of  no  more  than  110-120  kg/mm  . 

TABLE  5 

Mechanical  Characteristics  of  Carbon  Structural 
Shaping  Steel  after  Quenching  in  Water  and  Temper¬ 
ing  as  a  Function  of  Cross-Sectional  Area  of  Com¬ 
ponent  or  Blank 


0*. -T.  i  ,  I  • -I :  ^  ih  ». 

i-7  »  ;  ♦  j  4*.  j‘-  -I :  » :  -1 9  ,  T.i-*  , :  . t  '  i  i  .  > 

«  j !  -  e  ^  3  »  -  4  I  »  t  •  »  - 1  I  .  » ;  .  *  t  » ^  '  ♦  »>  . 


l)  Tempering  temperature  (*C);  2)  thickness  of  com¬ 
ponent  or  blank  (mm):  3)  steel;  4)  kg/mm-;  5)  ieg-m/ 

/cm^. 


The  cross-sectional  area  of  the  quenched  component  or  blank  has  a 
material  influence  or.  the  strength  of  heat-treatable  steel.  The  strength 
of  a  component  decreases  suLiitantially  as  its  thickness  increases,  even 
on  quenching  In  water;  Its  impact  strength  may  also  drop  at  the  same 
time.  Table  3  shows  th»»  mechanical  characteristics  of  the  principal 
types  of  carbon  structural  shaping  steel  aa  a  function  of  component 
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1)  Steel;  2)  temperature  (“C). 

TABLE  7 

p 

Creep  Strength  (kg/mm  )  of  Carbon  Structural  Shaping 
Steel  at  Elevated  Temperaturec 


2  '■ . . 


1)  Steel;  2)  temperature  (“C). 


thickness  after  quenching  and  tempering  at  400-600°,  These  data  car.  be 
used  as  a  basis  for  selectir^  steels  of  triis  type  foi'  cerponents  of 
varyingthlckness.  It  is  necessary  to  take  into  accuurit  the  fact  that 
the  susceptibility  tc  quenching  of  a  fiat  component  (of  the  date  or 
sheet  type)  or  tube  will  be  equivalent  to  that  of  a  cylindrical  compon¬ 
ent  with  twice  itr  dia  eter  in  the  case  of  tllatcr'al  c.ollr.-'  cr  with 
h  tl.nes  Us  dla-ot(r  in  the  case  of  ur^ilaterai  cooling  (c..-..  Ir.  ;  .u^ch- 
ing  ?  tank  with  external  cccllng). 

Tables  6  and  7  show  the  mechanical  charact  t  rlct  ics  of  nerrna  1  iced 
carbon  structural  shaping  steel  at  elevated  temperatures . 

Tl.e  -  ha  ra  c  t  c  r  iS  t  i  c  s  rf  these  steels  at  low  tcmpei’at  ert  s  deperxi  tc 
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Fi.3.  1.  Mechanical  characteristics  of  quenched  carbon  structural  shap¬ 
ing  steel  as  a  function  of  tempering  temperature  (quenching  in  water, 
specimens  with  d  =  10  mm):  a)  type  20;  b)  type  25;  c)  type  30:  d)  type 
35.  1)  kg/mm:  :  2)  tempering  ter.perature,  ^C;  3)  kg-r./cm^. 


a  substantial  extent  on  the  grain  size  and  the  method  by  which  the 
steel  is  sr.elted ;  as  the  grain  size  increases  the  cold-shor*  ness  tem¬ 
perature  is  m.aterlaliy  raised  and  the  dai'.ger  of  brittle  fracture  during 
operation  at  low  temneratux'es  is  increased. 

Durability  depends  principally  on  ultimate  strength,  as  well  as  on 
the  stressed  state  during  testing.  Figure  3  sh.cws  the  durability  of 
cax’bon  structux'al  shaping  steels  (bend  testing  of  x'ctatlng  specimens) 
with  diffei'cnt  ultimate  sti’ongths  and  in  llffcrent  surface  conditions. 

The  physical  chuiracterls^  Ics  of  thscse  steels  include:  critical 


point  Acj  =  725°  for 
-  “6Cs  h40,  dOO.  rbe, 


15.  25»  ^‘3.  and  30  steels,  oi'ltlcal  point  Ac^ 

and  '03'’  respectively  for  thtse  same  steels. 


(2C'’)  1/“C,  and 


0.121,  and  0. 109  cal/cm *sec. 
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Pig.  2.  Me  -hanical  characteristics  of  quenched  carbon  structural  shap¬ 
ing  steel  as  a  function  of  tempering  temperature  (quenching  v/a  v;ater, 
specimens  with  d  (lO  mm):  a)  type  40;  b)  type  45;  c)  type  50;  d)  type 
65.1)  kg/mm'^;  27  tempering  a  temperature,  “C;  3)  kg-rn/crr.^. 


for  15>  25,  and  50  steels  respectively. 

Table  8  shov/s  certain  jf  the  technical  characteristics  of  these 
steels;  for  purposes  of  comparison,  the  cuttabilicy  of  low-carbon 
Goold-Vvorked  free-cutting  steeJ  Is  taken  as  100^, 

Carbon  structural  shaping  steels  are  generally  used  after  quench¬ 
ing  or  normalization  and  less  frequently  after  quenching  and  ten.pering. 
Water  serves  as  the  quenching  medium  for  low-carbon  steel,  including 
components  Intended  for  cementation  or  cyan 'ding,  and  for  ::.ediui..- 
carbori  steel.  Quenching  cracks  often  develop  during  the  quenching  of 
medium-carbon  and  hlgli-  carbon  steels  especially  when  dealing  with 
components  iavinj  ceiiuTex  shapes  or  shai-p  notches;  this  is  the  chief 
drawback  of  carbon  structura]  shauir.”  steels.  These  steels  have  a  re- 
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TABLE  P; 

Technical  Carbon  Gti'uctui*al 
Shaping:  cte.'Cl 
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l)  Stee;  9)  Gorging  temperature  (°C);  3)  Initial;  4)  final;  5)  cut- 
tabillty;  6)  weldability;  7)  80^  (in  cold-drawn  state);  8)  65^  (at 
HB  =  137-174  kg/mm^);  9)  (after  annealing);  lO)  60^  (after  anneal¬ 
ing  to  HB  =  179-^30  kg/mm^;  11)  50^  (after  annealing);  12)  excellent; 
^3)  good;  l4)  low. 


Fig.  3.  Variation  in  the  durability  of  carbon  structural  shaping  steel 
as  a  function  of  ultimate  strength  and  of  spechmen:  l)  polshed  speci¬ 
mens;  2)  rough-turned  specimens,  a)  kg/mm^. 


duced  1:b  rdness  on  quenching  in  oil  and  in  many  cases  are  not  susceptible 
to  quenching.  Quenching  cracks  may  appear  some  time  after  quenching  but 
before  tempering;  cracking  can  be  prevented  by  quenching  in  water  and 
subsequent  transfer  to  oil,  quenching  and  incomplete  cooling  Intended 
to  produce  self-tempering,  or  slow  tempering  Immediately  after  quench¬ 
ing.  It  is  also  necessary  to  limit  stress  concentrators,  which  may 
serve  as  foci  of  crack  formation.  The  danger  of  quenching  cracking  is 
substantially  reduced  by  surface  quenching  with  high-frequency  elec¬ 
tric  heating.  Thin-walled  components  of  medium-carbon  and  high-carbon 
steel,  particularly  those  with  complex  shapes,  are  occasionally  quenched 
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I)  Steel;  2)  heat-treatment  regime;  3)  kg/mm  ;  4)  0£kp,  5)  cyaniding 

at  850-900°  with  hardened  layer  0.  d-0.40  mmthick,  quenching  in  v.'ater, 
tempering  at  l80-200°;  6)  cementation  at  20-950°,  quenching  from  790 
810°  In  water,  tempevjng  at  l80-200°;  7)  quenching  fron.  820-840°  in 
water,  tempering  at  5OO  -600°  (for  componet  ud  to  60  mn.  thick);  8) 
the  same,  for  comiponents  up  to  20  ml  thick;  9)  quenching  from  830-850° 
in  oil,  tempering  at  500-550°  (for  small  components);  lO)  surface 
quenching  with  high-frequency  electric  heating,  tempering  at  l80-200°; 

II)  the  same,  tempering  at  200-240°. 


in  oil.  Carbon  structural  shaping  steels  have  a  lovj  hardenabillty , 
which  Increases  with  their  carbon  content.  Cemented,  cyanided,  and 
surface-quenched  components  and  many  components  of  high-carbon  steel 
are  subjected  to  low  tempering  at  l60-l80°  or  l80-200°,  depending  on 
the  hardness  required.  The  high  surface  hardness  obtained  by  low  tem¬ 
pering  promotes  high  wear  resistance.  In  this  case  the  mechanical 
strength  of  the  component  on  bending,  extension,  or  torsion  is  reduced, 
especially  in  the  presence  of  stress  concentrators.  When  the  tempering 

temperature  is  raised  to  250-300°  the  strength  of  quenched  high-carbon- 
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steel  components  or  cemented  components  increases  and  their  hardness 
decreases.  It  is  necessary  to  take  this  decrease  in  hardness  into  ac¬ 
count  in  selecting  a  lov;-tempering  temperature  or  high-carbon  steel. 

In  order  to  Improve  the  plasticity  and  viscosity  of  components  of  car¬ 
bon  structural  shaping  steel  they  are  tempered  at  temperatures  of  no 
less  than  450-500®  after  quenching.  Table  9  presents  examples  of  the 
heat  treatment  of  machine  components  fabricated  from  steels  of  this 
type. 

Carbon  structural  shaping  steels  are  widely  used  in  machine  build¬ 
ing  for  comparatively  low-stress  components,  as  well  as  when  it  is  in¬ 
expedient  to  harden  a  component  by  heat  treatment.  It  is  also  wise  to 
use  non-heat-treated  steel  when  a  component  must  have  a  definite  rigid¬ 
ity;  In  this  case  the  decrease  in  rigidity  may  make  the  use  of  stron¬ 
ger  alloy  steel  in  order  to  reduce  the  cross  section  of  the  component 
unjustified.  Carbon  structural  shaping  steels  are  more  easily  cut  in 
the  annealed  state  than  alloy  steels.  Low-carbon  steel  is  used  for 
welded  components,  as  well  as  for  components  fabrics  ed  by  cold  defoiv 
mation  (upsetting,  beating,  deep  stamping,  etc.).  Medium-carbon  steel 
is  employed  chiefly  for  components  to  be  machined.  In  connection  with 
the  need  to  produce  the  weight  of  machine  components,  carbon  structural 
shaping  steels  are  In  many  cases  being  used  as  substitutes  for  alloy 
steels. 


References ;  Spravochnlk  po  mashinostroltel 'nym  materlalwn  [Hand¬ 
book  of  MachlneBuilding  Materials],  Vol.  1,  Moscow,  1959;  Liberman, 

L. Ya.,  Peyslkhls,  M.I. ,  Spravochnlk  po  svoystvam  Staley,  primenyayemykh 
V  kotlotrubostroyenll  [Handbook  of  Characteristics  of  Steels  Used  in 
Boiler  and  Pipe  Fabrication],  2nd  Edition,  Moscow-Lenlngrad,  1958. 

Ya.M.  Potak' 
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CARBOTHERMIC  NIOBIUM  Is  niobium  which  Is  obtained  by  reduction 
from  a  mixture  of  the  pentoxlde  and  carbide  according  to  the  reaction: 
rlNbgO^  +  5NbCn  =  (5  +  2n)Nb  +  5^00,  where  n  <  1  (direct  reduction  is 
also  possible:  NbgO^  +  5C  =  Nb  +  5C0).  The  reduction  process  is  accom¬ 
plished  by  heating  bars  or  briquets  which  have  been  pressed  from  the 
' foremen tioned  mixture  in  a  vacuum  (0. 1-1* 10”^  mm  Hg)  at  a  temperature 
of  1600-1900“.  The  reduced  metal  compact  retains  the  original  form;  the 
b2irs,  for  example,  may  have  dimensions  of  ~{l6-25)  x  (16-50)  x  (450- 
850)  mm^.  After  reduction  and  partial  sintering  at  1800-1900°,  carbo- 
thermlc  niobium  contains  (weight  99»5-99*8  Nb  (including  Ta),  and 
0.02-0. 150  Og,  Ng,  C,  0.01  Pe,  <!•  lO”^  Si.  For  additional  purification 
this  metal  is  remelted  in  electron  beam  furnaces,  vacuum  sintered  di¬ 
rectly  or  after  hydrogenation,  grinding,  dehydrogenation,  charging  the 
metal  powder  with  niobium  oxide  or  carbide  to  the  stoichiometric  quan¬ 
tity  for  forming  CO,  and  pressing.  Plastic  carbothermlc  niobium,  sin¬ 
tered  at  2300-2350“ ^  contains  up  to  99*99  Nb  (including  Ta),  (3-10)* 

•10“^  C,  (2.  5-10)-10“3  Og,  <l-ld"^  Ng,  less  than  (1-3)*  10“^  Tl,  Fe,  Si, 

—4 

S,  P,  As,  Cu,  Ca,  Mg,  less  than  1*10  Ph,  Sn,  Sb,  Bl,  Cd.  After 

forging  without  preheating  with  a  thickness  reduction  of  50^  an<^  brief 
reslntering,  the  bars  may  be  rolled  without  annealing  into  strip  and 
foil  of  20-mlcron  thickness  and  less  or  may  be  subjected  to  other  forms 
of  pressure  working. 

The  carbothermlc  method  is  one  of  the  primary  methods  for  indus¬ 
trial  production  of  niobium  (see  Sintered  Niobium,  Niobium). 

References:  Sazhln,  N. P. ,  Kolchin,  0. P. ,  and  Sumarokova,  N. V.  , 
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"IAN  SSSR  OTN.  Metallurgiya  1  topllvo"  (News  of  the  Academy  of  Sciences 
USSR,  Dl'd.slon  of  Technical  Sciences,  Metallurgy  and  Fuel],  1961,  No. 

6,  peiges  8-24;  Kolchln,  0.  P. ,  Sumarokova,  N.B. ,  and  Chuvoleva,  N.  P. , 
"Atomnaya  energlya"  [Atomic  Energy],  1957*  Vol.  3,  No.  12,  pages  515- 
24;  Shveykln,  0.  P.,  "Tr.  In-ta  Khlmll  AN  SSSR  Ural'akaya  filial  [Tr£ms<- 
actions  of  the  Institute  of  Chemistry  of  the  Acaden^  of  Sciences  USSR| 
Ural  Branch],  1958*  No.  2,  pages  45-62;  Oel'd,  P.V.  and  Shveykln,  0. P. , 
"IAN  SSSR  OTN.  Metallurglya  1  topllvo,"  1959,  No.  1,  page  44;  Kloj^, 
Sims,  Jaffee,  In  collection:  Nlobly  1  tantal  [Niobium  and  Tantalum], 
collection  3*  Moscow,  I96O;  i960,  pages  306-27;  Sainsonov,  Q.V. ,  Kon¬ 
stantinov,  V. I. ,  Tantal  1  nlobly  [Tantalum  and  Niobium],  Moscow,  1959; 
Rare  Metals  Handbook,  aid  Edition,  London,  I96I;  Miller,  0. L. ,  Tantalum 
and  Niobium,  London,  1959;  Ibid. ,  "Ind.  Chemist,"  1962,  Vol.  38,  No. 
451,  pages  455-60. 

O.P.  Kolchln 
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CARBOXYLATE  LATICES  are  latlces  of  rubber-llke  polymerr;  containing: 
the  carboxyl  groups.  The  amount  of  dry  material  in  the  various  carbcxy- 
late  latlces  varies  from  20  to  45  weight  These  latlces.  These  lat¬ 
lces  are  resistant  to  mechanical  effects  but  coagulate  with  freezing. 
Those  synthesized  with  the  use  of  anionic  emulsifiers,  Including  the 
salts  of  the  sulfo  acids,  can  be  used  In  the  Ion  deposition  and  gela- 
tlnlzatlon  processes  (see  Latlces)  with  the  formation  of  a  strong  gel. 
Among  the  other  technological  properties  of  the  carboxylate  latlces,  of 
great  Importance  Is  their  high  Impregnation  capability  with  respect  to 
the  fibrous  materials.  The  stiffness,  strength  and  oll-reslstance  of 
products  made  from  these  latlces  improve  with  Increase  of  the  amount  of 
polar  carboxyl  groups  In  the  polymer.  The  presence  of  these  groups, 
even  In  very  small  quantities  (of  the  order  of  hundredths  of  parts  gram- 
equivalent  per  100  grams  of  rubber)  sharply  Increases  the  adhesion  of 
the  polymers  to  the  polar  surfaces,  particularly  metallic  ones.  The 
physical  properties  of  unvulcanized  films  made  from  these  latlces  con¬ 
taining  less  than  0.1  g-eqv  of  carboxyl  groups  per  100  grams  of  polymer 
are  almost  analogous  with  the  properties  of  films  made  from  the  corre¬ 
sponding  latlces  which  do  not  contain  these  groups.  The  primary  charac¬ 
teristic  of  the  carboxylate  latlces  is  that  the  carboxyl  groups  of  the 
polymer  easily  enter  into  reaction  with  the  Ions  of  the  polyvalent  me¬ 
tals,  which  leads  to  unique  vulcanization  of  the  rubber  as  a  result  of 
the  formation  of  salt  bonds  between  Its  molecules.  The  vulcanizates 
thus  obtained  have  very  good  physico-chemical  properties,  ever,  in  the 
absence  of  fortifying  fillers. 
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The  vulcanized  products  made  from  these  latlcos  ar(.  very  wear  re¬ 
sistant.  The  SKD-1  dlvlnyl-carboxylate  latex  is  used  in  combination 
with  resorcin-formaldehyde  resin  for  the  Impregnation  of  cord  used  in 
the  production  of  tires  based  on  dl vinyl -styrene  oil-filled,  natural 
and  other  rubbers.  The  dl vinyl -styrene  and  divlnyl-nitrile  carboxylatc 
latlces  can  be  used  for  the  production  of  industrial  gloves,  etc.  Pllfis 
made  from  the  divlnyl-nitrile  carboxylate  latlces  have  particularly 

O 

high  strength  (up  to  3OO-5OO  kg/cm  with  a  relative  elongation  of  400- 
8005^);  both  the  vulcanized  and  unvulcanized  films  made  from  the  carbo¬ 
xylate  latlces  with  a  high  content  of  acrylonitrile  in  the  polymer  have 
limited  (to  15-20Jt)  swelling  in  fuel  containing  up  to  30J^  aromatic  com¬ 
pounds,  retaining  adequate  strength  in  this  case.  The  high  impregnation 
capability  of  the  divlnyl-nitrile  carboxylate  latlces  and  the  good  pro¬ 
perties  of  coatings  made  on  their  base  are  utilized  in  the  paper  indus¬ 
try  in  the  preparation  of  high-strength,  water-  and  oil -resistant 
grades  of  paper  and  cardboard.  In  mixtures  with  the  melamlno-formalde- 
hyde  and  other  thermoreactlve  resins,  the  divlnyl-nitrile  carboxylate 
latlces  are  used  for  the  production  of  gas-  and  oil-resistant  nonwoven 
materials.  Mixtures  based  on  these  latlces  are  used,  moreover,  as  bond¬ 
ing  agents,  sizings,  binders  for  pigments,  for  the  dressing  of  leathers 
and  their  substitutes,  etc. 

References;  Brown  H.P.  and  Duke  NO.,  "Rubber  World",  1954,  v.  I30, 
Sept.,  p.  784-88;  Brown  H.P.,  ''Rubber  Chem.  and  Technol.",  1957,  v.  30, 
No.  5,  P*  1347-86;  Sintez  lateksov  1  Ikh  priroenenlye  {Synthesis  of 
Latlces  and  Their  Use),  coll,  of  articles,  L. ,  196I. 

A. I.  Yezriyelev,  A.V.  Lebedev 


CARBOXYLATE  RUBBI^  —  i.;  Lhc  prodU'  i  uT  i,ho  [x.iyiTKjr  i  t,l  'Ji- 

tinyl  or  isoprene,  and  also  of  divinyl  with  ;;tyrornj  or'  a'  f-yloriifriio, 
in  emulsion,  with  addition  of  small  quantities  (i--;'/)  of  laothaorylio 
acid.  Carboxylate  rubbers  containint;  methacrylic  aoid  how  the 

highest  values  in  the  complex  of  their  properties.  Exper  irr.  .nt.'il  lot.;  of 
carboxylate  rubbers  with  a  content  of  1-3^  methacrylic  all  are  pro¬ 
duced  in  the  USSR:  divinyl  rubbers  (SKD-1),  isoprene  rule  er.  ^ 
divinyl  styrene  rubbers  with  a  proportion  of  10  and  30;'  .  tyren-r  (CKS- 
10-1  and  SKS-3O-I),  and  divinylnitrile  rubbers  SKN-1.  The  ii vinyl  ni¬ 
trile  carboxylate  rubber  Hycar  1072  is  produced  abroad.  Carboxylate 
rubbers  contain  Neozone  D  or  a  non-staining  antioxidant.  The  v;orKablli- 
ty  and  the  physical  properties  of  carboxylate  rubbers  v/irh  a  r;ri-j 
of  1-3^  methacrylic  acid  do  not  significantly  differ  from  thOwc  of  the 
corresponding  rubbers  which  do  not  contain  carboxylic  grcuc.  The  addi¬ 
tion  of  a  greater  quantity  of  carboxylic  groups  increases  thj  stiffness 
of  the  carboxylic  rubbers,  decreases  the  resistance  to  water  and  de¬ 
teriorates  the  workability.  Hard  or  modified  carboxylic  rubbers,  v;hlch 
do  not  require  a  mastication,  are  deliverable.  The  vulcanisation  of 
carboxylic  rubbers  is  carried  out  by  metal  oxides  (MgO,  CaO,  etc. ).  The 
usual  sulfur  vulcanization  is  possible  owing  to  the  presence  of  jouble 
bonds  in  the  molecular  chains.  Carboxylate  rubbers,  noiu'ille  i  and 
filled  with  a  low  quantity  of  carbon  black  ('0  parts  by  weigh*),  ob¬ 
tained  with  metal  oxides,  are  characterized  by  high  mechanical  and 
elastic  properties. 

Carboxylate  rubbers  vulcanized  with  metal  oxides  are  vis  ouc  at 
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tion.\  Thir-  di;;advanlaL’;c  may  Ijc  r-crncjvud  by  andi  1-ion  oC  :;ulrur,  i,hLur'j;fi 
or  other  accoli' rant;-,  oi'  the  viil(ranization  to  the  metal  (>xider;  v/hi'.h 
results  in  the  I’ormation  of  a  email  (juantity  ol'  bond:;  r'.;;i;.tarit  to  the 
el’l'ert  of  ’-ah’.ed  1  emperaturee.  The  mechanical  propertie;-  are  deeroa.-od 
in  this  way,  but  they  remain  sufficiently  hich.  Carboxylate  rubber;, 
vxilcanized  by  means  of  metal  oxidee,  sulfur  or  accelerant-  .eurpar;.';  the 
corresponding  rubbers,  which  do  not  contain  carboxylic:  groups,  with  re- 
garu  to  the  tensile  strength,  elasticity,  resistance  to  thermal  aginy 
and  to  the  growth  of  cuts  (see  Tables  1-2). 


TABLE  1 

Properties  of  Nonfilled  Carboxylate  Rubbers  Containing 
Methacrylic  Acid 
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1)  Characteristics;  2)  polymers;  3)  isoprene;  dimethyl 
styrene;  S)  divinyl  nitrile*  6)  SKI;  7)  SKS-30A;  8)  SKN: 
9)  tensile  strength  (kg/cm"^);  10)  modulus  at  300 elonga¬ 
tion  (kg/cm*^). 

TABLE  2 

Properties  oi  SKS— 30A  and  SKS-30A-1 
Rubljers  With  30  Parts  by  Wt:ight  of 
Channel  Carbon  Black,  Obtained  Using 
.Metal  Oxides  and  Thiuram 
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'•uii/M  li  (k";/i-irr]  ii'k'.-f  l,h';  fin.-iJ 
'))  a),  Joo^  l‘c»f  :’^I0  hf.:; 
lo)  at  QOo"  Tor  1-1^1  hr:-,  ( I'cn- 
thiura/n  rubkcfa);  11)  riy.  i:;l,;irr  <. 
to  1,hc  -;!-owth  of  rut  a  {ry.ie;;); 

12)  thou. .anile. 

The  main  dl.eadvantajio  of  all  carlioxylat  .  ruhOrf  ■i/,’ar.ruri't:.  i.;  i,hi. 
Increased  tendency  to  .arorchin^.  T.hie  di.aadvanta  ;r  may  be  rudu'-'-d,  but 
not  conpletely  removed,  by  addition  of  anti . K^rchin  frirthali  .  anhy¬ 

dride  and  other  substances),  and  al;-,o  ty  remo/int;  thr  ..urpiu:  of  moi.-:t- 
ure  from  the  stock.  The  hi^er  adhesion  to  rnctalr,,  leather  and  textile:: 
is  an  advantage  of  hhe  carboxylic  rubbers.  Th-.-  po.  :;lLie‘  I'ie-l  i:  of  ap¬ 
plication  are:  tire  treads,  conveyor  belt:-,,  and  te.hni  :  !  ubiv-.r  pro¬ 
ducts. 

References:  Novyye  kauvthuki.  Cvoystva  i  primeneniye  rubbers, 

P. '^neities  and  Application.  A  C  -..iecticn  of  Tran.:lat ion.-, 

19i38,  page  2^8;  ".Khimiya  i  tekhinologiya  polimercv,  "  I.-:  ■,  .‘.’o.  pace 
1-j;  "Kauchuk  i  rosina, "  19t7,  -'ic.  3,  pa.je  11;  ibi  i.  Ho.  a,  pa.je  1. 


ixi-  1:- 


CARBURIZING  OF  STEEL  -  1g  the  r.aturalion  of  the  :  urface  of  low- 
carbon  steel  (Including  alloy  steel)  by  carbon  In  order  to  Increase  tie 
hardness,  tf e  abrasion  resistance,  and  the  fatigue  strength.  The  opti¬ 
mum  carbon  content  in  the  carburized  zone  Is  0.8-0. 9 

After  heat  treatment,  the  carburized  zone  has  a  hardness  of  >-^oP.C 
and  has  either  the  structure  of  martensite  or  of  martensite  with  car¬ 
bides  and  a  small  quantity  of  residual  austenite;  the  core  of  the  steel 
retains  a  sufficient  ductility.  Figure  1  shows  the  distribution  of  the 
carbon  and  of  the  hardness  along  the  depth  of  the  carburized  zone,  and 
Fig.  0  shows  the  effect  of  the  thickness  of  the  carburized  zone  on  the 
endurance  limit  of  the  steel.  The  carburizing  of  steel  is  carried  out 
at  000-970®  usually  up  to  a  depth  of  0. 5-2-0  mm.  Steel  carburizing  Is 
used  Ln  the  manufacture  of  pinions,  piston  pins,  camshafts  and  cranr.- 
shafts,  bolts,  nuts,  and  many  other  parts. 


Fig.  1.  Distribution  of  carbon  and  hardness  (after  hardening  and  tem¬ 
pering  at  r:  '•)  In  the  carburized  zone  of  steel  grade  20,  carburized 
In  a  solid  carburizing  agent  at  950*  for  10  hours,  ll  Content  of  C, 
deptn  rf  the  zone,  mm. 


Fig.  2.  Effect  of  the  thlcKiiesc  of  the  carburized  zone  on  the  endtjrance 
limit  at  alternating  bending  of  the  :  teel  gi^ade.-  ,  12Kh]l'A,  and 

l8Kh2N4MA,  hardened,  and  tempered  at  h0;)°.  l)  kc/mm  ;  2)  thickneo:; 

of  the  zone,  mm. 


JJtu-'rte'tttHOC/Tt,  nf’Out>ccc. 

b 


Fig.  3*  The  thickjiess  of  the  carburized  zone  ar  a  function  of  tr e  hard¬ 
ening  time  at  '230°:  i)  Gas  carburizing  of  large  objectr;  in  continuous 
furnaces;  2)  solid  carburizing  in  large  containers,  a)  Thdckuiesc  of  the 
zone,  mm;  u)  duration  of  the  process,  hours. 

When  carburizing  is  carried  out  in  a  solid  carburizing  agent  in 
containers,  the  fresh  mixt’r  composed  of  15-23^  BaCC-  or  NagCO,, 

3-55^  C  aCO-,  2-Hfo  black  ell,  the  rest  v.’ood  charcoal  or  semicoke. 

The  working  agent  consists  of  23%  of  the  fresh  and  73>'  of  a  waste  mix¬ 
ture.  The  formation  of  the  carburized  zone  is  carried  out  at  932-950°, 
within  5-10  hours,  and  at  a  rate  of  about  0.10-0.12  mm/hr  (Fig.  3)- 
After  the  carburizing  has  been  completed  the  containers  witn  the  parts 
are  cooled  in  air,  and  then  the  parts  are  hardened  and  tempered  at  a 
low  temperature  (l80-200°).  Carburizlrig  in  a  solid  agent  is  always  su- 
persedea  by  the  gas  carburizing  which  allows  the  process  to  be  more 
easily  controlled,  the  duration  of  the  latter  being  reduced  by  Ih-'-'O?!!; 
a  total  mechanization  and  automation  Is  possible.  Natural,  commercial, 
generator  or  petroleum  gas,  propane,  butane,  and  also  synthol,  kero¬ 
sene,  benzene,  spindle  oil,  etc.,  are  used  as  carburizing  agents.  It 
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i:.;  recommended  that  rich  fiar.eo  be  prevloLi;^ ,y  burned  in  nridc^tt'ermlc  de¬ 
vices  in  order  to  obtain  a  r,a3  having;  approximately  the  I'oMov/in/f  corn 
postion:  CO,  Ho^  H  ,,  0.1-15^  CHj,,  the  rest  i-  N.  This,  rar;  is  used 

as  a  diluting  agent  or,  with  a  higher  CH^  a^'id  CO  content,  directly  for 
carburizing.  The  quality  of  the  parts  improves  significantly  when  thie 
carbon  content  in  the  carburized  zone  reaches  the  optimum  and  is  con¬ 
trolled  automatically.  The  composition  and  activity  of  the  carburizing 
gas  is  tested  either  by  means  of  the  dew  point  or  by  means  of  the  elec¬ 
trical  resistance  of  an  iron  wire  placed  in  the  furnace.  The  supply  of 
the  gas  (or  the  liquid)  into  the  furnace  and  the  working  conditions  of 
the  endothermic  arrangement  are  controlled  on  the  basis  of  the  results 
of  this  continuous  and  automatic  test.  After  gas  carburizing,  the  parts 
are  cooled  to  82O-85O®,  and  then  hardened  and  tempered  at  low  tempera¬ 
tures.  Parts  from  high-alloy  steel  are  sometimes  annealed  at  high  tem¬ 
peratures,  at  650-760®  before  hardening  (in  order  to  improve  the  cut- 
tability,  and  to  increase  the  .hardness  after  tempering),  and,  after 
hardening,  they  are  submitted  to  a  cold  treatment  at  -60  to  -80®  (in 
order  to  increase  the  hardness  by  decreasing  the  residual  austenite 
content  in  the  carburized  zone). 

Areas  which  are  not  to  be  carburized  are  insulated  by  electrocop- 
pering  (thickness  of  the  layer  O.OI-O.O5  mm)  or  coating  with  pastes. 

Coarse-grained  steel  or  a  carbon  supersaturation  of  the  zone  (frac¬ 
tures,  splitting-off  of  the  zone),  a  high  content  in  residual  austenite 
in  the  zone  (a  reduced  endurance  limit,  formation  of  pittings),  or  a 
low  hardness  (reduced  abrasion  resistance)  are,  in  the  most  cases,  the 
causes  for  an  untimely  failure  of  cemented  parts. 

References ;  Metallovedenlye  1  termlcheskaya  obrabotka  stall  [Metal 
Science  and  Heat  Treatment  of  Steel j,  a  handbook,  2nd  Edition,  Vol.  2, 
Moscow,  1962. 


A.N.  Mlnkevlch 


CARBURIZING  OF  TITANIUM  ALLOYS  -  io  carried  out  in  a  :  '>i:d  carbur- 
iiL^^ng  agent,  in  air,  or  argon  by  forming  a  very  br-ittle,  uu  to  mi¬ 
crons  thick  carbide-oxide  crust  (TiC,  TiO^,)  and  a  0.  Ib-S.  l8  mm  thick 

c 

layer  of  a  solid  solution  of  oxygen  in  a  titanium  having  a  har^^lnesc  of 
about  HV  1000  on  the  metal  surface.  A  brittle  TiC  layer  with  a  thick¬ 
ness  of  some  microns,  poorly  adherent  to  the  basic  metal,  is  formed 
when  carburizing  of  the  titanium  alloy  is  carried  out  in  a  vaciiu.m  fur¬ 
nace  and  in  coal  or  graphite  at  temperatures  of  980°  and  more.  Highly 
hardened  layers  of  TICq  ^  with  a  thickness  of  up  to  8  microns  suffi¬ 
ciently  adherent  to  the  metal  and  with  a  good  resistance  to  abrasion 
are  obtainable  by  gas  carburizing  of  titanium  alloys  in  argon  vjith  an 
addition  of  0.5-5^  CO.  A  considerable  (10  fold)  increase  of  the  hydro¬ 
gen  content  in  the  alloy  occurs  in  this  case.  None  of  the  methods  for 
carburizing  titanium  alloys  has  attained  a  practical  significance  owing 
to  the  considerable  brittleness  of  the  formed  surface  layers  and  their 
poor  adhesion  to  the  metal. 

References :  Smirnov,  A.V.  and  Nachinkov,  A.D.,  "Metallovedenlye  1 
tt  rmlcheskaya  obrabotka  metallov"  [Metal  Science  and  Heat  Treatment  of 
Metals],  i960.  No.  3^  pages  22-29- 

I.S.  Anltov  and  Ye.N.  Novikova 
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CAST  BRASS  Is  brass  intended  for  the  fabrication  of  somimanu/'ac - 
tures  and  shaped  parts  by  the  casting  method.  The  casting  brass  con¬ 
tains  50-81^  Cu.  As  the  alloying  elements  use  is  made  of  aluminum,  man 
ganese,  iron,  silicon,  tin  and  lead.  These  brasses  have  excellent  cast 
Ing  properties  and  corrosion-resistance.  The  majority  have  good  anti¬ 
friction  properties  and  in  many  cases  are  fully  adequate  replacements 
for  the  tin  bronzes.  10  grades  of  the  casting  brasses  are  produced  in 
accordance  with  GOST  1019-4?  (Table  l).  Pigs  meeting  GOST  1020-60  of 
the  chemical  composition  shown  in  Table  2  are  used  for  the  production 
of  brass  castings.  The  basic  physical  properties  of  the  casting  brasse 
are  presented  in  Table  3* 

TABLE  1 

Chemical  Composition  and  Mechanical  Properties  of  the 

Cast  Brasses  (GOST  1019-4?) 
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*  Chill  casting.  **  Sand  casting.  ***  Centrifugal  casting. 

1)  Alloy;  2)  content  of  basic  elements  {^);  3)  mechanical 
properties;  ^!)  other  elements;  5)  cb  (kg/mm^,  no  less 
than);  6)  LA6?-2.5;  ?)  LAZhMts6G-6-3“2;  8)  LAZh60-l-lL; 

9)  LK80-3L;  10)  LKS80-3-3;  H)  LMt3S58-2-2;  12)  LMts0S58- 
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2-2-2;  13)  LMt3Zh55-3-l;  l4)  I/1t3Zh52-4-l;  lt>) 

16)  remainder. 

The  cast  brasses  arc  used  1‘or  the  production  oV  corroo lon-reoi,';t- 
ant  cast  details  for  ocean  vessels  (propellers,  blades,  f‘lttinf':c,  etc.  ), 
aircraft,  various  machines  aund  equipment,  all  sorts  of  bolts  and  screws, 

TABLE  2 

Chemical  Composition  of  Casting  Brasses  In  Pigs  (GOST 

1020-60) 
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1)  Alloy;  2)  content  of  basic  elements  (^)*;  3)  other 
elements;  4)  LA;  5)  LAZhMts;  6)  LAZh;  7)  LK;  8)  LKS; 

9)  IWtsS;  10)  MtsOS;  ll)  LMtsZhl;  12)  LMtsZh2;  I3)  LS; 
l4)  LOS;  15)  LNMtsZhA 


gears,  bearings  and  other  antifriction  details  operating  under  severe 
conditions. 
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TABLE  3 

Physical  Properties  of  Castirif;  Drasso’s  (of  avoraj'/j 
chemical  composition) 
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I)  Properties;  2)  LA67-2.5;  3)  LAZhMts66-6-3-2;  4) 
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(kg/mm2);  18)  linear  shrinkage  (j^);  19)  coefficient  of 
friction  in  pair  with  axle  steel;  20)  with  lubrication; 
21)  without  lubrication;  22)  weight  loss  (g/m^-hr)  in 
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References:  Metals  Handbook  1948  edition,  Cleveland,  [1952];  Smlry 
agin  A.P. ,  Promyshlennyye  tsvetnyye  metally  1  splavy  [Industrial  Non- 
ferrous  Metals  and  Alloys],  2nd  ed. ,  M. ,  1956;  Spravochnlk  po  mashlno- 
stroitel'nym  materlalam  [Handbook  on  Machine  Construction  Materials], 
Vol.  2,  M.  ,  1959. 

Ye.S.  Shplchlnetskly 
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CAST  ELECTRIC  INSULATION  (or  monolithic  Insulation)  —  .:ee  Electric 
insulation  compounds. 
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CAST  HIGH -TEMPERATURE  NICKEL  ALLOYS  arc  nickel -base  alloys  which 
have  special  advantages  In  comparison  with  the  alloys  based  on  the 
other  elements  of  group  VIII  of  the  Mendeleyev  Periodic  System  -  ab¬ 
sence  of  polymorphism,  relatively  high  acid  resistance  and  heat  resis¬ 
tance,  and  also  the  formation  of  compounds  of  the  Nl2(Al,  Tl)  type  with 
a  crystal  structure  which  is  similar  to  the  solid  solution  structure. 

TABLE  1 

Chemical  Composition  of  Cast  High -Temperature  Nickel 

Alloys  with  Carbide  Strengthening 

I  I  I  Mn  I  To 

m2  — 

M .  7  -•  .S 

I 
i 

M.  7  — 2M 

M.S  <5 

l)  Alloy;  2)  element  content  (^);  3)  other  elements; 

4)  Nlmocast  75;  5)  Hastelloy;  6)  VL7-45U;  7)  VKhNl. 

The  cast  alloys  have  higher  stress -rupture  strength  chan  the  same 
alloys  in  the  wrought  condition.  This  is  associated  with  the  dendritic 
structure  of  the  cast  alloys  and  the  possibility'  of  forming  carbide  and 
boride  phases  during  the  ciystalllzatlon  process  along  the  grain  bound¬ 
aries  in  the  form  of  pseudoeutectics  which  inhibit  the  development  of 
cracks  along  these  boundaries.  The  retardation  of  the  small  plastic  de¬ 
formation,  corresponding  to  the  creep  limit  of  the  cast  high-tempera¬ 
ture  alloys,  is  practically  the  same  or  somewhat  higher  than  for  the 
wrought  alloys.  The  casting  alloys  have  good  alloying  capabilities, 
while  in  the  wrought  alloys  this  capability  is  limited  by  the  need  for 
the  use  of  hot  plastic  deformation,  which  is  very  difficult  with  marked 
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alloylnc.  In  this  connection,  the  tomporaturo  level  of  tri(;  hi (';h-terriper- 
aturo  strength  of  the  cast  alloys  is  50-100°  higher  than  Cer  the' 
wrought  alloys. 


TAB;£  2 

Mechanical  Properties  of  Cast  High -Temperature  Nickel 
Alloys  with  Carbide  Hardening 
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l)  Alloy j  2)  heat  treatment;  3)  temperature  (°C);  4) 

(kg/mm^);  5)  Hastelloy;  6)  VL7-45U;  7)  heat  to  950°, 
hold  5  hours,  air  cool. 


TABLE  3 

Chemical  Composition  and  Heat  Treatment  of  Some  Sovi¬ 
et  Cast  High-Temperature  Nickel  Alloys  with  Interme- 
talllde  Strengthening* 
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♦About  0.  Oljf  Ce  and  about  0.15^  Zr  is  Introduced  into 
the  alloys. 

1)  Alloy;  2)  element  content  (jf);  3)  heat  treatment;  4)  ZhS3;  5)  heat 
to  1150°,  hold  7  hours,  air  cool;  6)  ANV-3OO;  7)  heat  to  1120°,  hold  10 
hours,  air  cool;  8)  VZh36-L2;  9)  heat  to  1150°,  hold  4  hours,  air  cool. 
Heat  to  1080°,  hold  4  hours,  air  cool;  10)  ZhSo;  11)  heat  to  1200°, 
hold  4  hours,  air  cool;  12)  ZhS6-K;  13)  heat  to  1200  +  20°,  hold  4 
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houru,  air  cool;  l4)  VZhL8;  I5)  heat  to  II50'’,  hold  4  hour:;,  air  oooj. 
Heat  to  1080°,  hold  4  hours,  air  cool. 

TABLE  4 

Mechanical  Characteristics  of  Some  Soviet  Cast 
High -Temperature  Nickel  Alloys  with  Intermetal- 
llde  Strengthening 


basis  of  2*10^  cycles;  5)  ZhS3;  6)  ZhS3-DK;  7)  Zh- 
S6;  8)  ZhS6-K;  9;  VZh36-L2;  10)  EI857j  H)  ANV- 
300;  12)  EP23. 

In  compariscn  with  the  wrought  alloys,  the  cast  high -temperature 
nickel  alloys  have  greater  fabrlcabillty,  particularly  In  the  produc¬ 
tion  of  parts  of  complex  shape.  Among  the  deficiencies  of  the  existing 
cast  alloys  is  their  lower  Impact  strength  in  compau’lson  with  the 
wrought  alloys. 

With  regard  to  the  method  of  structural  strengthening,  the  cast 
high-temperature  nickel  alloys  may  be  divided  Into  the  alloys  with  car¬ 
bide  hardening  (Tables  1,  2)  and  the  alloys  with  Intermetallide  harden¬ 
ing  (Tables  3,  4).  The  first  type  of  alloys  Is  small  in  number  and  not 
promising  with  relation  to  Improvement  of  the  high -temperature  strength 
characteristics.  The  second  Is  at  present  the  basic  type  of  cast  nickel 
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alloys. 


The  Nlmocast  75  alloy  doeo  not  havo  j^ood  ralurr 

strength,  it  is  used  to  fabricate  heat-resistant  parts.  The  Hastelloy  B 
and  C  alloys  have  high  corrosion  resistance  in  acids.  Hastelloy  C  has 
higher  strength  at  high  temperature  than  Hastelloy  B  and  is  used  for 


TABLE  5 

Coefficient  of  Thermal  Conductivity  of  Some  Cast 
High -Temperature  Nickel  Alloys 


l)  Alloy]  2)  X  (cal/cm-scc-^’C)  at  temperatures  ("C); 
3)  ZhS3]  4)  ZhS6;  5)  ZhS6-K;  6)  ZhS3-.0K;  7)  VZh36- 
L2;  8)  ANV-300. 


TABLE  6 

Coefficient  of  Linear  Expansion  (a- 10^)  of  Sor.-.  Cast 
High -Temperature  Alloys 


- 


1)  Alloy;  2)  at-  10^  in  the  temperature  range  C’C) :  3) 
ZhS3;  4)  ZhSb;  5)  ZhS6-K;  6)  ZhS3-DK;  7)  El357;  0) 
VZh36-L2;  9)  ANV-300. 

TABLE  7 

Chemical  Composition  of 
Wear -Reals  tajjt  and  High- 
Temperature  Nickel  Casting 
Alloys 

~  •  .  71 

.  •  ,  , .  \v  V  \  !  n 
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1)  Alley;  ?)  iT-nt  r-r.t- r.t  (^);  3)  V-36 ; 


TABLE  8 

Stress -Ruptun?  Str^'n^^th 
Limits  of  the  ZhS6-K  Al¬ 
loy 


M  H.  .1  .  «  .  V..  •.  I  .  .  ;  • 

4....  ^  I  -  I  .  ;  {  '--t  t 

i 

l)  Temperature  (°C);  2) 
(kg/mm^) 


TABLE  9 

Mechanical  Properties  of  the  ZhS6-KP  Alloy 


l)  Alloy;  2)  temperature  ('C);  3)  (kg/tnm^);  4)  ZhS6- 
KP  cast;  5)  ZhS6-KP  wrought. 


the  fabrication  tf  heat-resistant  parts  (jet  engine  nozzle  tiades, 
etc.  ).  Thp  VL7-45U  alloy  Is  used  for  fabricating  nozzle  vanos.  The.'  vTCh 
N1  alloy  IS  used  for  aircraft  engine  exhaust  valve  facings. 

The  primary  strengthening  phase  in  the  Nimccast  75  and  VL7'-45U  al 


leys  Is  the  Me^^C^  carbide  type,  in  the  VKhNl  alley  it  in  the  Me.^C^ 
carbide  type,  in  the  Hastelloy  B  and  C  alloys  it  is  the  double  carbiot 


Exc'-llent  hlvh-te.'tp'-rature  stre.ngth  charact*‘rl3t  Ics  of  bc*h  th*^ 
cast  an  :  wrought  niok^*l  alloys  ar*  cl*  aired  primarily  by  creating.  In 
tivr.  ‘.he  u'  ghas-..  s  t  rer.gthenln^  (often  de;>ignat  >.d  as  the  > '  phase)  of 


tier:,  and  form  of  preclpltat  lo*;.  Th<‘  strvngth'>n‘"T  and  theiTaaliy  s’atlo 
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ements  Co,  Cr,  W,  Mo,  N1  which  Inhibit  the  diffucional  proeeecee  In  tbe 
solid  solution,  and  also  by  the  procesooc  of  diffuslonal  excharu^e  be¬ 
tween  those  elements  and  the  precipitation  phases. 

Depending  on  the  alloying,  the  parameters  of  the  f] e^me^ntary  cell 
of  the  type  Ni2(Al,  Ti)  phase  may  differ  from  the  solid  solution,  which 
is  a  source  for  the  formation  of  dislocations  in  the  boundary  regions 
between  them.  The  best  binding  between  the  NI^CAI,  Tl)  phase  and  the 
solid  solution,  and  also  the  highest  thermal  stability  of  the  alloys 
a^’e  achieved  with  identical  or  slightly  differing  parameters  of  the 
crystal  lattices.  There  are  nickel  alloys  with  strengthening  by  other 
Intermetallide  phases.  In  the  low-carbon  nickel  alloys  containing  nio¬ 
bium,  at  650-800®  the  strengthening  metastable  Ni^Nb  phase  is  formed 
with  a  structure  similar  to  the  solid  solution,  and  also  the  ^^(Al, 

Tl)  phase.  At  higher  temperatures  the  stable  Ni,Nb  phase  with  ortho- 
rhombic  structure  is  formed.  There  are  several  cast  alloys  of  this  type 
EPEIO,  GPMJ,  etc.)  containing  up  to  0.05^  C,  20^  Or,  5-6^  W  and  Mo  and 
6.55^  Nb.  These  alloys  have  good  casting  properties  when  cast  in  air. 

Their  100-hour  stress -rupture  strength  at  870°  is  equal  to  11-12  kg/ 

2 

/mm  .  Several  low-carbon  cast  high -temperature  nickel  alloys  containing 
iron  CLre  strengthened  by  phases  of  the  ABg  type  (Laves  phases),  where  B 
is  primarily  iron  and  A-W,  Mo.  Nb,  Ti.  There  are  cast  high -temperature 
nickel  alloys  with  combined  strengthening  by  the  Ni^Me  phases  and  the 
PegMe  phases  (VZhL9  alloy  and  others). 

The  amount  of  the  a'  phase  is  determined  not  only  by  the  content 
of  the  mutually  equivalent  titanium  and  aluminum,  but  also  by  the  con¬ 
tent  of  the  elements  which  enter  into  the  solid  solution  and  affect  the 
solubility  of  aluminum  and  tltainlum  in  the  alloy.  Cobalt  partially  re¬ 
places  nickel  in  the  a'  phase  (with  the  presence  of  a  sufficient  amount 
of  aluminum,  molybdenum,  and  tungsten  in  the  alloy).  Cobalt  does  not 
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nt'  1’  Ihi  x"  phaL>'  in  the  ailoy^  of  ihi(  Nl-C<<-Cr~T1 -A  I  a./al-rn.  Iri 

the'  t  xiailni';  caot  hi/“h-tcmp('raturc  nick<  1  alloy:’,  i.h'  ainouni  of  fhi'  o, ' 
phase  varies  in  th('  ran/'o  oT  6-55^  dependin/j;  on  the  alloy!  rif';.  Ti/.- 
f-erriperature-strength  temperature  level  Increases  from  700  to  1100''  vjith 
Increase  of  the  amount  of  the  a'  phase.  Many  cast  high -temperature 
nickel  alloys  are  additionally  strengthened  by  the  carbide  phases,  1‘or' 
which  carbon  (<  0.23%)  is  Introduced.  The  carbon  also  contributes  to 
the  refining  in  the  melting  process  thanks  to  its  strong  reducing  ac¬ 
tion.  The  titanium  carbides  which  are  formed  in  these  alloys  in  tho' 
crystallization  process  between  the  dendrite  axes  facilitate  the  disin¬ 
tegration  of  the  grains,  which  is  of  great  importance  in  increasing  the 
resistance  to  temperature  stresses  and  repeated  loading.  Among  the 
smaller  additives,  a  favorable  Influence  is  shown  by  cerium,  which  sig¬ 
nificantly  reduces  the  sulfur  content  and  has  a  favorable  effect  on  the 
condition  of  the  grain  boundaries,  and  also  boron  (0.01-0.035^)  and 
about  1%  Zr,  which  strengthen  the  grain  boundaries.  Depending  on  the 
chromium,  tungsten,  and  molybdenum  content,  carbides  of  the  type  Me^^- 
Cg,  Me^Me^C,  where  Me^  =  Nl,  Pe,  Co,  Si,  and  Me^  =  Cr,  W,  Mo,  Nb,  are 
formed  in  the  alloys.  These  carbides  are  preferentially  precipitated 
along  the  grain  boundaries.  The  temperature  range  for  stability  of 
^^23^6  ~1050°,  for  the  double  carbides  it  is  1000-1300°. 

Strengthening  of  the  grain  boundaries  is  also  achieved  by  microalloy¬ 
ing,  particularly  by  allowing  with  boron,  which  has  low  solubility  in 
nickel  and  its  alloys.  The  introduction  of  boron  and  carbon  also  aids 
in  improving  the  casting  properties  of  the  alloys. 

In  connection  with  the  reduction  of  the  melting  point  of  nickel  by 
many  of  the  alloying  elements  which  enter  into  the  cast  alloys,  their 
melting  point  is  in  the  1270-1380°  range.  The  Interaxlal  portions  of 
the  alloys  are  enriched  with  the  elements  which  reduce  the  melting 
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point  of  nick'  l  -  carbon,  alumlnurp,  Mlanlum,  ft'ftjmLurn,  nnjlyb^l' nurn.  ThiC' 
dendrite  axes  are  enriched  with  tim/a-t' n,  whiich  incrf  aoc'C  Ih"  rn'  Itlni:; 
point  of  the  nlcke. 

On  the  surface  of  the  liquid  nickel  alloys  containlrif-;  aluminum  and 
tlteinlum,  a  hard  elastic  film  is  fomicd  in  all*  above  the  llquldus  tem¬ 
perature  and  up  to  1650°  which  then  shows  up  in  the  part  boinc  cast  in 
the  form  of  blisters  which  cause  a  reduction  of  the  mechanical  charac¬ 
teristics.  The  oxide  film  is  completely  eliminated  when  the  parts  are 
vacuum  cast.  The  oxide  film  which  forms  on  the  surface  of  the  molten 
oxidized  alloy  is  reduced  in  the  vacuum,  particularly  as  a  result  of 
interaction  with  carbon,  forming  carbon  monoxide. 

The  quality  of  the  cast  alloy  depends  on  the  primary  dendritic 
structure:  l)  the  grain  size  (macrogx’alns )  and  their  distribution;  2) 
the  size  and  distribution  of  the  dendrite  offshoots  (..dcrogralns );  3) 
the  Intradendritic  liquation;  4)  the  distribution  and  form  of  the  ml- 
crostructural  components;  5)  the  defects  of  the  crystalline  structure 
(vacancies,  dislocations,  and  packing  defects)  which  are  formed  in  the 
casting  process  sind  during  heat  treatment. 

The  formation  of  the  cast  structure  depends  basically  on  the  pour¬ 
ing  temperature  and  the  rate  of  crystallization,  which  is  to  a  consid¬ 
erable  degree  determined  by  the  mold  temperature.  Large  macro-  and  mi¬ 
crograins  are  formed  when  casting  parts  from  high  temperatures  and  also 
with  low  crystallization  rates.  The  llquatlonal  phenomena  are  very 
strongly  developed.  The  primary  mlcrostructural  components  are  coarsely 
dispersed.  The  tltahlum  carbides,  normally  having  a  polyhedral  form, 
are  precipitated  out  between  the  dendrite  axes  in  the  form  of  elongated 
particles  and  may  even  form  a  closed  or  semlclosed  rigid  network.  Al¬ 
loys  with  such  a  structure  have  reduced  mechanical  characteristics. 

Casting  parts  with  the  metal  temperature  somewhat  higher  than  the 
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tributc’d  Gli’uctural  componcntc  (micro-  amJ  macro|';ralri«  ana  primary  p' ■  - 
clpltatlon  phases).  In  this  case  the  liquation  phenomena  ar^  rot 
strongly  developed;  the  alloy  has  high  density  and  hi, "her  prt^pertle:;. 
Pouring  of  alloys  from  low  temperatures  (60-150°  above  the  liquldus 
temperature)  is  performed  using  vacuum  melting.  The  cast  high-tempera¬ 
ture  nickel  alloys  have  a  quite  wide  crystal llzati on  range,  which  fa¬ 
cilitates  the  formation  of  Intercrystalline  porosity  during  pouring  of 
parts  without  adequate  feed  and  with  slow  crystallization.  Relatively 
rapid  dendritic  crystallization  provides  for  dense  structure  of  the 
casting  without  Intercrystalline  porosity. 

Heat  treatment  of  the  cast  high-temperature  nickel  alloys  may  be 
used  to  redistribute  the  alloying  elements  in  the  solid  solution  of  the 
dendrites  and  between  the  phases,  and  also  to  create  new  structural 
components. 

With  Increase  of  the  aluminum  content  in  the  alloys,  the  solution 
temperature  of  the  basic  strengthening  phase  is  Increased  and  is  equal 
to  -1000°  with  a  content  of  1%  Al;  1100°  with  2%  Al;  1150°  with  4-4.5^ 

Al;  1200°  and  above  with  >  5^  Al. 

The  addition  of  titanium  to  the  alloys  somewhat  Increases  the 
quenching  temperature.  A  characteristic  feature  of  the  cast  high-tem¬ 
perature  nickel  alloys  containing  more  than  4j^  Al  is  the  Impossibility 
of  performing  a  solid  solution  quency  even  with  high  cooling  rates. 

There  will  inevitably  be  precipitation  of  the  a'  phase  in  the  cooling 
process;  the  amount,  degree  of  dispersion  and  distribution  of  the  a' 
phase  after  quenching  such  alloys  depend  on  the  cooling  rate.  Therefore 
certain  of  the  highly  alloyed  casting  alloys  are  subjected  to  only  a 

single  heat  treatment:  air  cooling  above  the  solution  temperature  of 
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the  a'  phase.  Whu'n  usinc  thla  heat  Ire^alment  the’  ae,irif'  proe' laV' ;; 

[place  during  the  air  coollrif'.  CertalM  cast  nickel  alloy:;  ar^  .oub.j'oled 
to  double  or  triple  heat  treatment  (quench  fror.i  two  temperatures,  iso¬ 
thermal  quency,  or  quench  with  subsequent  af^ln;’;  at  a  temperature-  equal 
to  or  higher  than  the  operational  temperature  of  the  alloy).  In  alloys 
containing  carbon  there  Is  a  redistribution  of  the  carbon  between  the 
carbide  phases  during  the  heat  treatment  process.  In  the  titanium -bear¬ 
ing  alloys  of  the  Nl-Cr-Al-Tl-W-Mo  system  there  Is  partial  solution  of 
the  metastable  titanium  carbide  and  binding  of  the  dlssolvf:d  carbon  in 
other  carbides  during  heating  for  quench  and  during  aging:  up  to  1000°, 
binding  takes  place  In  carbides  of  the  Me^^Cg  typo  (with  possible  for¬ 
mation  of  the  Me^^C^  carbides  also);  above  1000°  there  is  binding  prl- 

i  TO 

I  marlly  In  carbides  of  the  Me^Me^C  type  which  are  more  stable  at  these 
temperatures  than  chromium  carbide.  In  alloys  which  do  not  contain 
tungsten  and  molybdenum,  the  carbides  of  the  Meg^Cg  and  Me^C^  type  are 
stable  to  -1250°. 

Coagulation  of  the  a'  phase  takes  place  during  the  process  of 
long-term  operation  of  the  alloys  at  high  temperatures;  plastic  defor- 
I  matlon  (creep)  of  the  highly  alloyed  alloys  at  high  temperatures  caus- 

i 

i  es,  along  with  the  coagulation  of  the  a'  phase,  consolidation  of  Its 

particles.  The  higher  the  level  of  stresses  acting,  the  greater  the 
creep  and  dlffuslonal  mobility  of  the  atoms,  and  consequently  the  high¬ 
er  the  rate  of  the  process  of  coagulation  of  the  strengthening  phases. 

Inter metallides  and  carbides.  Series  of  cast  hlgh-temperature  nickel 
alloys  with  Intermetalllde  strengthening  with  varying  ratio  of  the  al¬ 
loying  elements  are  used  In  various  countries.  The  presence  of  carbon 
Is  characteristic  for  most  of  the  alloys.  The  Nlmocast  8o  and  90  cast¬ 
ing  alloys,  which  are  analogous  in  chemical  composition  to  rhe  Nimonic 
80  and  90  wrought  alloys,  also  contain  carbon.  Aluminum  and  titanium 
[  i  Sii2 
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The  majority  of  the  alloys  contain  a  conelh'  rable  amount  ol‘  co¬ 
balt.  Iren  Is  represented  In  the  fom  of  an  impurity,  since  it  reduces 
the  nitjh-temperaturc  strength.  As  we  noted  above,  the  f;;raln  boundai'les 
are  strengthened  by  small  amounts  of  boron  or  boron  together  vdth  zir¬ 
conium,  which  affect  the  retardation  of  the  dlffusional  processes  along 
the  grain  boundaries. 

The  harmful  impurities,  particularly  impurities  of  the  low-mei  tlnr, 
metals  (Bl,  Pb,  Sb  and  others)  which  have  low  solubility  in  nickel, 
form  a  low-melting  phase  along  the  grain  boundaries  which  leads  to 
their  premature  failure.  Bismuth  and  lead  markedly  reduce  the  high-tem¬ 
perature  strength  even  with  their  presence  in  the  alloys  in  thousandths 
of  a  percent  by  weight.  A  limiting  lead  content  of  no  more  than  0.005^ 
is  permitted  for  alloys  of  the  Nimocasu  type.  The  bismuth  content  in 
the  cast  high-temperature  nickel  alloys  must  not  exceed  C. 001^. 

The  characteristics  of  certain  Soviet  cast  high-temper? ture  nickel 
alloys  are  shown  in  Tables  5,  6. 

The  high -temperature  alloys  which  have  high  resistance  to  wear  at 
high  temperatures  (Tabic-  j)  constitute  a  special  class  of  cast  high- 
temperature  nickel  alloys.  These  alloys  must  have  not  only  high  stress - 
rupture  strength  but  also  high  resistance  to  wear,  which  is  increased 
with  creation  in  the  alloys  of  boride  and  carbide  phases,  and  also 
other  hard  phases  Included  in  the  alloy  base  which  is  strong  at  high 
temperature. 

The  wear  resistance  of  the  V-56  alloy  is  Increased  by  formation  of 
borides,  while  that  of  the  VZhL-1  alloy  is  achieved  by  the  presence  of 
borides  and  carbides.  The  high  wear  resistance  of  these  alloys  is  re- 
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talncd  lo  600“. 

The  hlnh-3trcncth  hlph -temporal  ur'-  alloy;;  (jT  Mr  /’lir.6  tyi'';  wM  .h 
additional  alloylni:  with  boron  and  alllcon,  which  I'orm  hard  partlolo;; 
of  borides  and  double  carbides  in  the  alloy,  are  ucod  I“or  fabrlcatinr 
dies  for  hot  pressing  of  the  high -temperature  alloys. 

Mechanical  working  causes  surface  strain  hardening  of  the  high- 
temperature  alloys  and  the  formation  of  residual  stresses,  which  may 
lead  to  premature  failure  of  parts  at  high  temperatures  during  opera¬ 
tion.  Relief  of  the  residual  stresses  in  the  casting  alloys  of  the  ZhS 
type  is  performed  by  annealing  in  a  neutral  atmosphere  at  950°  for  2 
hours. 

The  cast  hlgh-temperature  nickel  alloys  are  not  notch  sensitive  in 
static  short-term  and  stress -rupture  tensile  testing  at  800°  and  above. 
Good  Id  ability  -  s  characteristic  f'^r  allov  (analoc  of  the 

QRM235  alloy)  which  is  recommended  for  welded  noazle  vanes.  With  re¬ 
spect  to  strength  at  high  temperature,  the  VZhL8  alloy  surpasses  the 
cobalt  casglng  alloys  of  the  LK4  type. 

Interacting  with  an  oxidizing  medium,  the  surfaces  of  the  cast  and 
wrought  alloys  are  oxidized  and  depleted  of  the  alloying  elements  to  a 
definite  depth.  As  a  result,  the  surface  layer  of  the  alloy  loses  Its 
strength.  A  marked  depletion  of  the  alloying  elements  from  the  surface 
of  vanes  made  from  the  ZhS6-K  alloys  after  operation  for  200-600  hours 
takes  place  to  a  depth  of  5O-IOC  microns.  A  similar  phenomenon  takes 
place  to  a  depth  of  0.15-0.35  inm  during  heat  treatment  of  the  ZhS6-K 
alloy.  This  layer  must  be  removed  In  order  to  avoid  reduction  of  the 
resistance  of  the  pairt  during  operation  under  conditions  of  hlgli  tem¬ 
perature.  Various  methods  of  thermochemical  surface  treatment  have  been 
developed  to  Improve  the  heat  resistance  of  the  alloys.  Most  promising 
in  this  regard  are  the  following  methods  for  protecting  the  surface  of 


1. 1  .  nlli'V.  .i'ain:',L  ti:  ■{)](  1,  Lon  of’  l.fi-  .illoyiri;'  '  ■  J '  rn*  :  'i  I  utni  riorn 
iiiC,  coi’amlc  coalxiii:,  ol.c. 

In  Llu'  hirh-tcmpcrature  hif.h-atrcn/cth  caatlri)';  a  Ho;/;;  nfi' r-a', i  nr'  iri 
oxidizing;:  mt’dla  wllhcut  surface  protection,  full  utlllzai-lon  1;;  not  ob¬ 
tained  of  the  service  life  capability  which  has  been  created  by  f-he-  al¬ 
loying,  casting,  ajid  heat  treatment. 

As  a  result  of  accelerated  development  of  methods  of  obf.alnlng 
high  quality  Ingots  of  th«  high -temperature  high-strength  alloys  and 
the  use  of  advcinced  methods  of  hot  mechanical  working,  the  dlscr'-parjcy 
between  the  possible  temperature  levels  of  operational  use  of  the  al¬ 
loys  In  the  cast  and  wrought  conditions  has  been  reduced  from  100’  to 
30-50°.  Characteristic  In  this  respect  is  the  ZhS6-KP  alloy  which  Is 
used  in  both  the  cast  and  wrought  conditions  (Table  9)* 

The  operational  service  life  of  the  high -temperature  alloys  de¬ 
pends  significantly  on  the  stress  state  aind  the  temperature.  Increase 
of  the  stress  reduces  ^he  ■=ervlcc  life  of  the  alloy  more  strongly  at 
high  than  at  low  temperatures.  This  shows  up  pcu'tlculanly  strongly  ’when 
vibratory  stresses  are  superimposed  on  the  static  stresses. 

Under  the  influence  of  neutron  Irradiation  the  cast  high-tempera- 
ture  nickel  alloys  undergo  reversible  changes  cLiaracterlstlc  for  the 
low-alloyed  alloys,  which  can  be  eliminated  by  annealing,  and  also  un¬ 
dergo  Irreversible  changes  characteristic  for  the  highly -alloyed  multi¬ 
phase  alloys. 

S.T.  Kishkin,  N.  G.  Lashke 
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CAST  IIIGH-T1:J^PERATURE  STAINLESS  STEEL  in  compl/-x-o llo.y-u  -'.unt'-Tii- 
tlc  chrome -nickel  steel  with  carbide  and  intormotallido  .ntren/^htenin;-;. 
The  chemical  composition  of  the  cast  hir,h-temperature  ntainlenn  steel 
is  shown  in  Table  1,  and  the  mechanical  properties  and  heat  treatment 
regimes  are  shown  in  Table  2  (the  mechanical  properties  were  deter¬ 
mined  on  specimens  cut  from  bars  and  cloverleaf  castings  pourinc  into 
sand  forms).  The  physical  properties  of  the  east  hi,;h-ter;.;,erature 
stainless  steels  are  shown  in  Table  3*  The  figure  shov.n  the  variation 
of  the  mecheinical  properties  of  the  cast  high-temperature  stainless 
steels  with  temperature  increase.  The  VZh36-L3  and  iT/h-LlO  steels  with 
intermetallide  strengthening  cast  by  the  vacuum  metnod  have  the  highest 
strength  properties  at  high  temperatures.  The  22-11- jw,  ''/L7-2C  and  vT.7- 
45U  steels  are  melted  in  open  induction  and  electric -arc  furnaces. 


Yariation  of  mechanical  properties  of  cast  hlgh-terp-ercture  stainless 
steels  witl'i  temperature  increase:  x  —  22-11-3W;  o  --  EldtlV;  h  -  VL7-. 

•  ~  VL7-43U;  Q  —  V2h36-L3;  ^  —  Y7h-L10.  l)  c.,  temperature, 

®C. 


Ch'^;-,ical  Cor,pCtiti-n  of  Cast 


U 


I 

9  ■ 

10 


r>H,;  .1.1  ...  11 


1)  Steel;  2)  element  content,  %;  3)  other  elements;  EI481V;  9) 
EI481L;  6)  22-II.3W;  7)  VL7-20;  8)  to;  9)  VL7-45U;  lO)  VZh-LlO;  11) 
VZh36-L3. 


The  22-11-3W  steel  is  used  to  fabricate  by  the  centrifup;8l  cast¬ 
ing  method  ring-shaped  structural  parts  and  nozzle  cases  for  gas  tur¬ 
bine  engines.  The  steel  is  temperature  resistant  in  air  up  to  980- 
100C°.  Casting  temperc-ture  is  1520-1580“,  linear  shrinkage  is  2-2.55^* 
Weldability  is  good,  weld  repair  of  defects  may  be  accomplished  using 
weld  wire  of  the  same  steel. 

The  VL7-2C  steel  is  used  for  turbine  blades  which  are  welded  to 
a  disc  made  from  the  EI395  steel.  It  is  a  scale  resistant  to  1000“. 

The  EI481V  steel  is  used  to  fabricate  structural  ring  parts,  gas 
turbine  cases,  compressor  guide  vanes  operatin#:  ?»t  400-05..®.  The  stocl 
welds  wellby  resistance  welding  using  El4t  C  filler  wire.  It  is  tem- 
f  nature  resistant  to750-800“.  Casting  temreruture  is  159^-1610“. 

The  EI481I  steel  is  used  to  fabricate  various  high-strength  and 
high-temperature  detail  parte  and  has  properties  close  to  those  of 
the  wrought  steel  El48l,  but  has  somewhat  ie-'.s  plasticity. 

The  VL7-45U  steel  belongs  to  th*>  aui^tenitic  class  and  is  used  to 


'abric&te  nozzle  guide  vanes  as  s  replac'MKjnt  for  U'.e  cobalt  alloy 


TTiis  steel  has  good  processing  prop‘*rtiec,  casts  well  using  the 
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*Castings  In  chill  mold  and  sand  forms. 

**Lost  wax  casting. 

2 

ly  steel;  2)  heat  treatment;  3)  TU;  4)  temperature  (°Cj;  5)  (kg/'nim  , 
no  less  than);  6)  no  less  than);  7)  kgm/cm^;  8;  HB  (d^^p,  mm); 

9)  EI481V*;  10)  homogenization  at  1100°  for  5  hoiirs,  quenched  and  aged 
as  follows:  heating  for  quench  at  1150°  for  3  hours;  first  aging  at 
68o°  for  l6  hours;  second  aging  at  820°  for  10  hours;  11)  El48lL*;  12) 
quenched  fi'om  ll40°  +  10°  in  water  or  air,  aging  for  10-14  hours  at 
780-820°;  air  cool;  I3)  castings  into  chilj.  molds  and  sand  forms,  nor¬ 
malized  at  1050-1100°;  l4)  castings  using  lost  wax  method,  normalized 
at  1050-1100°;  15)  AMTU;  I6)  castings  into  chill  molds  and  sand  forms, 
normalized  and  aged  vt  800-850°;  17)  castings  using  lost  wax  process, 
normalized  arid  aged  at  800-850°;  18)  VL7-20**;  19)  aged  at  800°  for  12 
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liourj,  air  cool:  .;o)  .*1)  a.-^od  at  ‘^00°  for  '■j  hoara  with  ;;ub- 

ooquont  air  cool;  r’P)  kcyim  ;  ?3)  V/'h-LlO**;  ;d|)  (^u'-nch^  d  from 

in  oil,  double  acinc;:  first  at  y4o°  for  l6  hours  with  'jlr  cfjol,  seoond 

at  630°  for  16  hours  with  air  cool;  ;'L»)  V7,h36-L3**;  ;'6)  dU'.-nchod  and 
af,od  as  follows;  heatinc  for  quench  at  11^)0“,  hold  Vnr  3  hour.;,  air 
cool;  agin^  at  750°  for  32  hours,  air  cool;  2'7)  by  agreement. 

precision  casting  method  at  I6OO-I620,  and  has  linear  .shrinkage  of  the 
order  of  2-2.5^.  This  steel  has  low  tendency  to  aging  as  a  result  of 
the  formation  of  chromium  carbides  and  tungsten  carbides,  which  af¬ 
fects  the  increase  of  the  stress  rupture  strength:  after  aging  for  15 

O 

hours  the  time  to  failtire  at  800°  and  a  stress  of  15  kg/miri  increases 
by  10-20  hours  for  an  over-all  test  duration  of  150-200  hours.  To 

stabilize  dimensions,  castings  are  r  jected  to  aging  for  5  hours  at 

900°  and  subsequent  air  cooling. 

The  VZh36-L3  steel  is  used  to  fabricate  gas  turbine  nozzle  vanes 
operating  up  to  800-850°.  In  east  forni  this  steel  has  comparatively 
high  strength  properties  uj  to  800°,  casts  well  using  precision  cast¬ 
ing  methods,  has  a  linear  shi-inkage  of  about  1.55^>  and  volumetric 
shrinkage  of  about  5*55^* 

With  respect  to  high-temperature  strength  properties,  the  VZh-LlO 
steel  surpasses  most  of  the  cast  steels  in  use  at  the  present  time;  it 
is  a  chrome-nickel  steel  of  the  austenitic  class,  alloyed  with  tungsten, 
molybdenum,  tltanlxom,  aluminum,  with  additions  of  boron  and  cerium. 

Melting  and  pouring  of  the  steel  are  performed  in  vacuum  indue - 

-2  -2 

tlon  furnaces  at  a  pressure  from  1*10  to  5*10  mm  Hg.  The  steel  is 
strengthened  by  heat  treatment  consisting  of  oil  quench  from  1120°  and 
double  aging  at  7^0  and  630°  with  soak  at  each  aging  temperature  for 
16  hours  (air  cool);  the  time  at  the  prequench  temperature  is  3  hours. 
With  respect  to  mechanical  properties  up  to  800°,  this  steel  sur¬ 
passes  in  many  cases  even  the  nickel-  and  cobalt-base  high  strength 
cast  alloys  and  at  the  same  time  is  considerably  more  economical  than 
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the  I'ltter,  since  it  contains  much  less  nickel  anct  no  cobalt  at  all. 


Various  defects  of  the  castin(ra  arc  satisfactorily  ropaircd  by 
manual  electrlc-orc  welding  using  electrodes  maue  from  the  yv.h'j'j  alloy 
with  a  NZh-4  coating  or  using  IMET-4P  electrodes  (rod  made  from  the 
EI1435  alloy).  This  steel,  has  good  resistance  to  gaseou;.  corrosion.  At 
800*  after  3.00  hours  the  weight  increase  in  0.0^3  g/in^-hr,  and  at 
after  100  hours  it  is  O.389  g/m^-hr. 

TABLE  3 

Physical  Properties  of  Cast  High-Temperature  Stain¬ 
less  Steel 
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0.022  (25’);  o  .  04  > '5o0’);  ".OOJC'OO’) 

1)  Steel;  2)  properties;  3)  property  indices  at  various  temperatures; 
4)  EI481V  (7  =  7.85  g/cm3);  5)  X(cal/cm-sec-°C) :  6)  Yo=  7-95  g/cm3); 
7)  X(cal/cni-sec-“C)  p(ohm-mm2);  8)  VL7-20  (7  =  8  &/cm3);  9)  VL7-45U 

(7  =  B.3  g/cm"^):  10)  VZh-LlO  (7  =  8.O8  g/cm-^);  11)  X(cal/cm-sec-®C), 
c(cal/g-“C);  12)  VZh36-L3  (7  =  6.04  g/cm-). 


The  VZh-LlO  steel  is  intended  for  fabricating  extremely  vari  d 
cast  parts  operating  up  to  800®,  including  parts  of  very  comp.iex  form. 
At  several  plants  this  steel  is  being  tested  as  a  material  for  fabri¬ 
cating  integrally  cast  rotors  for  gas  turbines  (discs  cast  together 
with  the  blades),  which  will  accelerate  and  reduce  the  costs  of  the 
entire  production  cycle  many  fold. 
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CASTING  BRONZE  —  a  bronze  Intended  for  caotln/'  ohapcd  ^;orrir;f^icritr:, 
blocks,  and  tube  blanks.  The  castin{rs  are  produced  In  sand  molds  and 
chill  molds,  by  both  the  centrifugal  and  lost-metal  methods.  Aluminum 


TABLE  1 

Mechanical  Properties  of  Tin-Bronze  Castings 
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l)  Alloy;  2)  conditions  of  control  specimens;  3)  casting  method;  4) 
kg/mm^-  5)  BrOTsSN3-7-5-l;  6)  BrOTsS3-12-5;  7)  BrOTsS5-5-5;  8)  BrOTsSo- 
6-3;  9)  BrOTsS4-4-17 ;  10)  BrOTsS3.5-6-5;  H)  BrOPlO-1;  12)  BrOTslO-2; 

13)  BrOSlO-10;  14)  BrOS5-25;  15)  BrOS8-12;  16)  BrOSl6-5;  17)  Br019; 

18j  without  heat  treatment;  19)  the  same;  20)  annealed  at  450°  for  2  hr; 
2l)  In  loam  mold;  22)  In  chill  mold;  23)  in  centrifugal  chill  mold. 


bronzes,  Tin  bronzes,  and  a  number  of  the  new  alloys  used  as  substitutes 
for  tin  bronzes  have  good  casting  properties  (flowabllity,  mold-filling 
ability)  and  are  widely  employed  in  casting.  Aluminum  casting  bronzes, 
which  are  high-melting  alloys  with  a  small  crystallization  range,  are 
distinguished  by  high  shrinkage  (2.2^)  and  consequently  require  large 
lost  heads  in  casting;  however,  they  are  virtually  free  from  liquation 
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TABLE  2 

Mechanical  Properties  or  Tin-Free  Bronze  Castlnes 
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1)  Alloy j  2)  condition  of  control  specimens;  3)  casting  method;  4)  kg/ 
5)  BrAZh9-4L;  6)  BrAZhMtslO-S-l. 5j  7)  BrAMts9-2;  8)  BrAZhNlO-4-4; 
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Br6uSP6-12-0.^;  l4)  BrSuNTsSP3. 5-3. 5-3- 5-20-0. 2;  15)  without  heat 
treatment;  16)  the  same;  I7)  quenching  from  900®  over  2  hr,  annealing 
at  650"  for  2  hr;  18)  In  loam  mold;  19)  in  chill  mold;  20)  In  centri¬ 
fugal  chill  mold. 


TABLE  3 

Physical  and  Technological  Properties  of  Tin  Casting  Bronzes 
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1)  Alloy;  2)  g/cra^;  3)  cal/cm.sec»®C;  4)  ohm»mm^/m;  5)  kg/mm^;  6)  melt¬ 
ing  point  (^C);  7)  annealing  temperature  (“C);  8)  flowahllity  (cm);  9) 
linear  shrinkage  (5^):  10)  casting  temperature  (“C);  11)  BrOTsSN3-7-5-l; 
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TABLE  4 

Physical  and  Technological  Properties  of  Tin-Free  Casting  Bronzes 
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and  do  not  have  dispersed  porosities,  which  ensures  production  of  com¬ 
pact  castings.  These  bronzes  tend  to  have  a  columnar  structure.  Their 
drawbacks  Include  formation  of  alumlnum-oxlde  films  In  the  liquid  metal, 
which  causes  discontinuities  In  the  castings;  It  Is  consequently  ne¬ 
cessary  to  avoid  Interrupting  the  metal  flow  when  filling  the  mold. 

Tin  casting  bronzes  and  others  of  this  type  with  a  broad  crystal¬ 
lization  range  exhibit  little  shrinkage  (1.4^)  and  consequently  do  not 
require  large  lost  heads  and  permit  production  of  very  complex  castings 
(with  sharp  transitions  from  thick  to  thin  sections)  without  shrinkage 
flaws.  Such  castings,  however,  do  not  have  high  hermetlclty,  since  the 
Interdendrltlc  pores  admit  water  at  high  pressures.  The  lead  and  zinc 
present  In  the  alloy  reduce  the  crystallization  range.  Casting  bronzes 
have  sufficiently  high  mechanical  (Tables  1  and  2)  and  physical  (Tables 
3  and  4)  properties  and  corrosion  resistance  aru]  good  antifriction 
characteristics.  Tln-zlnc  bronzes,  which  contain  small  quantities  of  Sn 
(from  0.5  to  7}S)  and  Pb  (from  1  to  65t)  and  a  considerable  amount  of  Zn 
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(from  5  to  3'j%)  >  cilotin/'niched  by  hl/^h  flowablllty,  a  rrif  jfj- 

fllllntj  ability,  and  irood  cuttablllty;  they  are  conof.qiaently  f.rnrJayod 
In  artistic  casting  (see  Decorative  bronsise).  Tin  bronzoo  iu<j:7i 
are  produced  with  secondary  tin  bronzes  (GOST  6l4-bO)  ac  the  charge; 
the  latter  are  obtained  by  reprocessing  of  scrap  and  other  waster;  (;;ee 
Secondary  bronze ,  Antimony  J)^nz e ) . 

References:  Bochvar,  A. A.,  Metallovenenlye  [Metalworking],  5th 
Edition,  Moscow,  1956;  Smlryagln,  A. P. ,  Promyshlennyye  tsvetnyye  metal- 
ly  1  splavy  [Commercial  Nonferrous  Metals  and  Alloys],  2nd  Edition, 
Moscow,  1956;  Turkln,  V.D.  and  Rumyantsev,  M.V. ,  Struktura  i  svoystva 
'  tsvetnykh  metallov  1  splavov  [Structure  and  Properties  of  Nonferrous 
Metals  and  Alloys],  Moscow,  19^7;  Mashlnostroyenlye.  Entslklopedlohes- 
kly  spravochnlk  [Machine  Building.  An  Encyclopedic  Handbook],  Vol.  4, 

[  Moscow.  1947* 

I  O.Ye.  Kestner 
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CAST  IRON  —  is  8J1  iron-carbon  alloy,  the  percenteige  of  the  latter 
surpassing  Its  solubility  In  gamma-iron  (more  than  2^,  usually),  and 
with  a  certain  content  of  permanent  impurities,  as  Si,  Mn,  r,  and  S 
(non-alloyed  cast  iron),  and  also  an  alloy  which  contains  specially 
added  alloying  ingredients  (Cr,  Ki,  Mo,  Cu,  Al,  more  than  2%  Mn,  more 
than  45^  Si)  in  addition  to  the  above-mentioned  permanent  impurities  — 
see  Alloyed  cast  iron.  Cast  iron  containing  a  great  quantity  of  elements 
which  narrow  the  region  of  gamma-iron  (SI,  Al)  may  contain  less  than  2^ 
carbon,  even  1^  only. 

In  contrast  to  steel,  where  carbon  is  separated  In  the  form  of 
iron  carbide  (cementlte,  carbides  of  the  alloying  ingred¬ 

ients,  the  carbon  in  the  case  iron  structure  may  be  separated  either 
totally  in  bound  state  or  totally  in  free  state  as  graphite  (lamellar 
or  spheroidal  graphite)  or  as  temper  carbon,  or  in  a  partially  bound 
and  partially  free  state.  The  form  in  which  the  carbon  is  precipitated 
in  the  cast-iron  structure  depends  on  the  chemical  composition  of  the 
cast  iron,  the  cooling  rate  of  the  castings  euid  the  conditicuis  of  the 
heat  treatment. 

Cast  iron  is  classified  with  regard  to  its  chemical  composition, 
its  microstructure,  the  technology  of  production,  and  the  purpose. 

With  regard  to  the  chemical  composition,  nonalloyed  and  alloyed  cast 
Iron  are  distinguished  the  latter  being  subdivided  into  low-alloy  cast 
Iron  with  a  total  content  of  up  to  3-4j^,  medium-alloy  (from  3-4  to  10J<), 
and  high-alloy  with  more  than  lOJ^  of  alloying  ingredients. 

With  regard  to  the  microstructure,  one  distinguishes:  gray  iron. 
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In  which  structure  the  carbon  is  coagulated  In  the  form  of  lamellar  or 
spheroidal  graphite;  white  Iron,  In  which  the  carbon  Is  separated  In 
bovnd  state;  chilled  cast  Iron,  whose  castings  have  a  surface  zone  with 
the  structure  of  white  Iron,  and  a  core  with  the  structure  of  gray  Iron; 
mottled  Iron,  In  which  the  carbon  Is  separated  partially  In  bound  state, 
and  partially  as  a  graphite  (lamellar  or  spheroidal);  malleable  Iron, 
obtained  by  tempering  white  Iron  resulting  in  a  decomposition  of  the 
ccmentlte  and  separation  of  f locular  graphite,  the  temper  carbon;  and 
cast  iron  with  special  structure:  austenitic,  martencitlc,  balnl+l^, 
and  ferritic  cast  Iron. 

With  regard  to  the  technology  of  production  one  distinguishes: 
common  (nonmodlfled)  cast  Iron;  cast  Iron  modified  by  graphitlzlng  or 
oarblde-formlng  additions  (see  Modified  cast  Iron);  and  heat  treated 
cast  Iron  (see  Heat  treatment  of  cast  Iron). 

With  regard  to  the  purpose,  ■••he  cast  Iron  grades  are  dlstLngulshed 
according  to  the  requirements  made  of  the  castings  and  the  service: 
gray  iron  for  general  and  special  castings  In  machine  building;  cast 
Iron  for  castings  with  Increased  ductility,  and  cast  Iron  with  special 
physicochemical  and  mecnaulcal  properties* 

Th*?  widespread  utilization  of  cast  Iron  as  a  machine-building  ma¬ 
terial  Is  based  on  Its  nigh  casting  properties  (a  good  flowablllty,  a 
small  shrinkage,  aind  a  relatively  low  melting  point),  and  -  In  the  case 
of  the  nonalloyed  cast  Iron  -  also  on  Its  cheapness.  In  comparison 
with  steel,  cast  Iron  has  a  lower  strength,  plasticity  and  Impact  re¬ 
sistance,  a  higher  toughness  under  cyclic  loads,  a  lower  sensitivity 
to  notches  and  to  the  quality  of  the  machined  surface,  a  greater  wear 
resistance,  aid  significantly  h  -r  casting  properties.  The  strength 
of  the  best  pearllte  cast-lro{<  .js  with  spherical  graphite  is  com¬ 
parable  to  the  strength  of  steel.  The  high  wear  resistance  and  cyclic 
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toughness  of  cast  Iron  and  its  good  workability  favor  Its  widespread 
application  In  machine  building.  Cast  Iron  Is  used  for  a  large  number 
of  castings  both  for  common  purposes  and  for  such  with  special  proper¬ 
ties. 

A. A.  Slmkln 
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CAST  IRON  FOR  PISTON  RINGS  --  Is  a  variety  of  the  Antifriction  car  , 
it  Is  characterized  by  a  combination  of  wear-resistance  with  hlch 
elasticity,  which  gives  the  required  working  properties  to  the  piston 
rings  of  internal -combustlcn  engines,  compressors,  steam  engines,  etc. 
There  are  two  types  of  cast  iron  for  pJoton  rings:  the  type  used  in 
casting  individual  rings,  and  the  type  for  casting  blank  hoops.  Non-al- 
loyed  and  low-alloy  gray  phosphorous  '•on  with  a  pearlite  base  is  used 
as  cast  iron  for  piston  rings  (see  Table).  The  grader  for  Individ¬ 
ual  castings  are  characterized  by  an  Increased  content  of  C  and  Si  and 
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650 


■r.  ¥1  ■-  m 


III-9chl 

a  reduced  content  of  Mn  In  comparison  with  the  grader,  for  b3rjiK-hoop 
casting.  Rings  of  high-strength  cast  iron  with  the  following  comporl- 

tions:  3.0-3.^5g  ^obshch  (^*^^^1);  0.7-1. ^svyaz’  3.0-3.^‘^  Si;  1.4-1. 6^ 
Mn;  <^0.1$^  P;  <0.15i^  Cr;  1. 8-2.2'^  Nl,  sind  0.03-0.085^  Mg  are  used  experi¬ 
mentally  in  high-power  diesel  e.ngines. 

The  individual  rings  are  cast  in  raw-sana  molds,  the  bianic  hoops 
in  sand  molds  or  by  the  centrlfiigal  method  in  hot  metal  molds  (400-500*) 
lined  with  refractory  clay.  Cast  iron  for  piston  rings  is  melted  In 
cupola  furnaces,  by  a  duplex  process  (cupola  furnace  and  electric  fur¬ 
nace),  or  in  electric  furnaces.  Iron  for  the  casting  rings  in  metal 
molds  is  modified  by  graphite  powder  from  waste  electrodes  or  black 
casting  graphite  (O.l-O.jJ^).  After  a  raw  grinding,  the  blank  hoops  are 
tempered  at  500-550*  to  remove  internal  stresses  (see  Heat  treatment  of 
cast  iron) . 

The  wear  resistance  of  the  piston  rings  is  obtained  by  a  metal 
base  of  fine-lamellar  pearllte  with  uniformly  distributed  inclusions  of 
a  double  and  partially  triple  phosphide  eutectic,  and  by  the  presence 
of  isolated  precipitations  of  lamellar  graphite.  The  upper  rings  are 
coated  with  porous  chromium  (0.12-0.18  mm)  to  Increase  wear  resist¬ 
ance.  The  run  in  is  provided  by  a  conical  working  surface,  application 
of  soft  coatings,  porous  pickling  and  other  special  measures.  The 
chrome -coating  of  the  rings  is  treated  to  electrolytic  iron-plating  to 
Improve  the  run  in  of  chrome-plated  rings. 

References:  Grechin,  V.P.  ,  Pcrshr.evyye  kol’tsa  [Piston  Rings],  in 
the  Book:  .Spravochnlk  po  mashlnostroltel'nym  aaterialam  [Handbook  on 
Machine-Building  Materials] ,  Vol.  3,  Moscow,  1959;  Glrshovlch,  N-G.  , 
Sostav  1  svoystva  chuguna  [CcxBvosltJon  and  Properties  of  Cast  Iron], 
in  the  Book:  Spravochnik  po  chugunnomu  llt’yu  [Handbook  on  Iron  Cast¬ 
ing],  ?nd  Edition,  Moscow-Lenlngrad,  i960. 
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[Transliterated  Symbols] 


=  obshch  =  obshchly  =  total 
=  svyaz  =  svyazrnnyy  =  bound 
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CAST  MAGNESIUM  ALLOYS  are  magnesium  alloys  Intended  for  the  produc¬ 
tion  of  details  by  the  methods  of  mold  casting.  With  respect  to  mech¬ 
anical  properties,  the  cast  magnesium  alloys  are  arbitrarily  divided  in¬ 
to  three  groups;  1)  medium- strength  alloys  (ultimate  strength  at  20® 

2 

no  less  than  16  kg/mm  );  2)  high-strength  at  20®  not  less  than  21  kg/ 

2 

/mm  )  3)  high- temperature,  suitable  for  operation  at  elevated  tempera¬ 
tures  (to  250-400®  depending  on  the  chemical  composition).  For  chemical 
composition  and  properties  of  the  cast  magnesium  alloys  in  comparison 
with  other  metallic  materials  see  Magnesium  Alloys. 

The  medium-strength  alloys  ML3  and  ML7-1  of  the  Mg-Al-Zn  system 

p 

are  not  stregthened  by  heat  treatment.  The  alloy  ML3  =  l6-l8  kg/ram  j 

p 

Oq  2  =  5  -  6  kg/mm  j  6=6—  8^^)  has  outstanding  hermeticity.  The  ML7-1 

p  p 

alloy(o^  =  l6  —  l8  kg/mm  j  Oq  ^  ^  ~  ^  kg/mm  ;  6=4-  8^)  is  charac¬ 

terized  by  high  creep  resistance  in  comparison  with  the  ML5  alloy  and 
is  used  for  details  operating  for  long  times  at  temperatures  of  150  - 

—  200®.  This  alloy  has  satisfactory  casting  properties  and  weldability. 
Castings  are  obtain  by  casting  into  sand  forms.  The  high  strf  h  cast 
magnesium  alloys  Include  the  ML4,  ML5,  ML6  alloys  of  the  Mg  Al  -  Zn 
system  and  the  ML12  and  ML15  alloys  of  the  Mg  -  Zn  —  Zr  s;  .em.  For 
highly  loaded  details  wide  use  is  made  of  the  ML5  allo^.^o^  =23-26 
kg/mm  ,  Oq  2  “  8.  5  —  10  kg/mm  ,6=5—  10^)  which  has  good  processing 
properties. 

The  ML4  alloy  (o^  =22-25  kg/mm^;  Oq^ 2  "  8  ~  10  kg/mm^;6  =  5  - 

—  10^),  which  is  used  little  by  Soviet  Industry,  somewhat  exceeds  the 

ML5  and  MLO  alloys  in  corrosion  resistance,  but  is  considerably  inferior 
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to  them  in  processing  properties,  particularly  with  respect  to  tendency 
to  formation  of  hot  cracks  in  castings  and  microporosities. 

Ihe  ML6  alloy  (o^  =  23  —  26  kg/mm^;  Oq  g  =  13  -  l6  kg/mm^j  <5  =  1  - 

—  Z%)  exceeds  the  ML5  alloy  in  yield  strength,  but  has  found  limited 
use  because  of  its  low  plasticity. 

The  MlA-,  ML5>  ML6  alloys  lose  strength  rapidly  with  Increase  of 
the  temperature  euid  therefore  are  used  for  details  operating  for  long 
periods  to  temperatures  no  higher  than  150*  and  for  short  times  to  250®. 

The  ML12  alloy  (  =  22  -  25  kg/ram  ;  g  =  12  -  14  kg/mm  j  6=5 

~  of  the  Mg-Zn-Zr  system  differs  from  the  ML5  and  ML6  alloys  in  the 
canblnation  of  .high  yield  point  and  elongation,  more  uniform  mechanical 
properties  in  castings,  higher  casting  density,  as  a  result  of  which 
castings  produced  from  it  exceed  castings  from  the  ML5  alloy  in  strength 
particularly  when  cast  in  heavy  sections.  A  deficiency  of  this  alloy  is 
poor  weldablltiy  and  a  tendency  to  the  formation  of  hot  cracks. 

Uie  ML15  alloy  (o^  =  21  -  23  kg/rnm^j  Oq  g  =  13  -  15  kg/mm^j  6  =  3 

-  5%),  containing  lanthanum  in  addition  to  zinc  and  zirconium,  is  in¬ 
ferior  to  the  ML12  alloy  in  plasticity  and  ultimate  strength  at  20®, 
but  exceeds  the  latter  in  high  temperature  strength  and  processing  pro¬ 
perties  -  the  alloy  can  be  argon-arc  welded,  has  low  tendency  to  forma¬ 
tion  of  microporosity  and  hot  cracks  in  castings.  The  ML12  and  ML15  al¬ 
loys  exceed  the  ML5  alloy  in  creep  resistance  and  are  used  for  details 
operating  for  long  periods  at  temperatures  to  200®  and  for  short  times 
to  250®  (MLI5  alloy  details  can  be  used  at  temperatures  to  35O®  with 
leading  up  to  5  minutes).  Both  alloys  have  somewhat  higher  corrosion 
resistance  in  comparison  with  the  ML5  alloy.  The  ML12,  MLI5  alloys  are 
recommended  for  casting  into  sand  forms  and  chill  molds j  ML5  and  ML6 
are  recommended  for  casting  in  sand  forms,  into  chill  molds  and  for  pre¬ 
ssure  casting.  The  cast  magnesium  alloys  are  used  primarily  in  the  heat 
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treated  condition:  the  ML5  alloy  after  solution  treatment,  the  ML12  and 

r 

MLI5  alloys  after  aging. 

The  high-temperature  alloys  include  the  ML9»  MLIO,  MLll  alloys 
which  are  alloyed  with  the  rare-earth  metals,  the  MLl4  and  VMLl  alloys 
with  additions  of  thorium  and  the  VML2  alloy.  Ihe  ML9  alloys  =  20  - 
"*  24  kg/mm^;  Oq  g  =  ”  15  kg/mm^;  6  =  2-  and  MLIO  alloys  =  | 

p  2  1 

=  22-25  kg/mm  i  Oq  2  =  12  -  14  kg/mm  ;  6  =  4  -  65^),  developed  on  the  j 

I 

basis  of  the  Mg  —  Nd  —  Zr  system,  are  used  for  highly  loaded  details  I 
operating  for  long  periods  at  temperatures  to  250®  and  for  short  periods  ■ 
to  350®.  With  regard  to  strength  properties  at  room  temperature,  these 
alloys  are  not  Inferior  to  the  higher  strength  ML12  and  ML15  magnesium 
alloys,  and  at  elevated  temperatures  exceed  them  considerably  in  both 
short-time  and  long-time  creep  tests  (^^0^2/3^00  kg/Wa^  for  MLIO 

and  4.5  kg/inm^  for  the  ML15  alloy).  At  temperatures  to  300®  the  ML9  al¬ 
loy  exceeds  all  the  cast  magnesium  alloys  with  respect  to  yield  strength, 
including  the  alloys  with  thorium,  and  also  exceeds  the  aluminum  alloys 
with  respect  to  specific  values  of  the  ultimate  and  yield  strengths  at 
250®,  and  beginning  at  300®  it  exceeds  them  in  absolute  value. 

The  MLll  alloy  =  l4  —  I6  kg/mm^j  Oq  g  =  ®  kg/mm^;  6  =  3 

-  S%)  containing  cerium  mlschemetal  is  close  to  the  ML9  and  MLIO  alloys 
with  respect  to  creep  resistance  under  conditions  of  100-hour  tests  at 
250®,  but  is  inferior  to  them  with  respect  to  properties  in  short-time 
tension,  paurticularly  at  room  temperature. 

t 

The  'VML2  alloy  =  22  -  26  kg/mm^;  Oq  g  =  11  -  12  kg/mm^;  6*4 

-  8^),  which  does  not  contain  radioactive  nor  toxic  additives  is  used 
for  long  term  operation  at  temperatures  of  250-300®  and  short  term  use 
to  400®.  At  300-400®  its  yield  point  is  higher  than  that  of  the  VMLl 
magnesium-thorium  alloy. 

The  ML14  alloy  *  I9  -  21  kg/mm^j  Oq  g  =  9  -  10  kg/mm^;  6*6-  v’l 
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—  of  the  Me-Th-Zr  cystem  Is  recommendor]  for  lon(i  term  operation 

at  3OO-350*  and  for  short  term  operation  to  400“ , 

This  alloy  has  low  mechanical  properties  In  short-time  tension  at 
3OO-350®,  but  has  high  creep  resistance  under  conditions  of  long-tenn 
testing.  The  magnesium- thorium  alloy  VMLl  (0|^  =  19  -  21  kg/mm  i  2  ~ 

=  9  ~  10  kg/im  ;  6  =  4-  lOJ^)  Is  intended  for  details  operating  for 
short  periods  at  temperatures  of  300-^00®*  It  has  high  ultimate  at  thes 
temperatures^  but  is  inferior  to  the  MLl4  alloy  with  respect  to  creep 

The  high- temperature  cast  magnesium  alloys  have  somewhat  higher 
corrosion  resistance  in  comparison  with  the  ML5  alloy,  the  best  of  them 
being  the  VML12  alloy.  These  alloys  have  low  tendency  to  microporosity 
formation  in  castings.  Cast  details  made  from  them  are  characterized  by 
high  hermeticlty.  The  castings  have  uniform  mechanical  properties, 
which  vary  little  as  a  function  of  section  thickness.  The  mechanical 
properties  of  the  alloys  measured  on  specimens  cut  from  details  are 
close  to  the  properties  of  individually  cast  specimens.  The  alloys  are 
easily  argon-arc  welded.  In  the  majority  of  cases  they  are  used  after 
heat  treatment  —  solution  treatment  and  aging,  with  the  exception  of 
the  MLll  alloy  which  is  often  used  without  heat  treatment.  The  alloys 
with  high  hermeticlty  include  the  high  strength  ML15  alloy,  the  high 
temperature  ML9#  MLIO,  MLll,  ML14,  VMLl,  VML2  alloys  and  the  medium 
strength  ML3  al]oy. 

The  high  corrosion  resistant  alloys  include  the  ML4  pch  (pch  indi¬ 
cates  high  purity)  and  ML5  pch  alloys,  all  the  alloys  based  on  the  Mg- 
-Zr  system  and  the  ML2  alloy  based  on  the  Mg-Mn  system  =  8  -  10  kg/ 
/mm  ;  6  =  3-  6^).  The  cast  magnesium  alloys  are  resistant  to  inter¬ 
crystalline  corrosion  and  to  stress  corrosion  cracking. 

Details  made  from  the  cast  magnesium  alloys  are  protected  from 
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corroaion  by  inorganic  films  and  paint/lacquor  coatings.  Details  inten¬ 
ded  for  operation  in  particularly  difficult  condition.'  are  .'Objected  to 
anodizing  (or  parkerlzlng),  priming  and  painting.  Particular  attention 
is  devoted  to  protection  of  locations  of  contact  of  magnesium  dotail.s 
with  other  alloys  (see  Corrosion  of  the  Magnesium  /^lloy;;). 

For  the  production  of  the  cast  magnesium  alloys  use  iz  made  of  cru¬ 
cible  induction  furnaces  of  capacity  to  500  kg,  crucible  furnaces  with 
oil,  gas  or  electric  heating  of  capacity  to  1.5-2  metric  tons.  To  pre¬ 
vent  combustion  during  smelting,  the  surface  of  the  molten  metal  is 
protected  by  fluxes  consisting  of  a  mixture  of  chloride  and  flurride 
salts  of  the  alkali  and  alkaline-earth  metals.  Widest  use  is  made  of 
the  V12  chloride  universal  flux  (955^  flu%  No  2  following  AVTU  109-^8 
and  5^  calcium  fluoride  following  GOST  7167-5^)  and  the  FLl  chloride- 
-free  flux  which  is  used  in  place  of  the  chloride  fluxes  in  the  final 
operation  of  theproduction  of  the  ML4  pch  and  ML5  pch  alloys.  In  the 
production  of  alloys  containing  the  rare-earth  metals  and  thorium,  a 
special  flux  is  recommended  which  reduces  the  loss  of  these  metals.  Pro¬ 
tective  additives  are  used  to  prevent  combustion  of  the  .metal  during 
casting;  to  the  casting  mixture  there  are  added  the  VM  additive  (urea, 
a  coaguleint  and  boric  acid)  or  a  fluoride  addtive  (855^  ammonium  fluor¬ 
ide  acid  and  15^  boric  acldj  this  additive  is  ver  toxic),  sulfur  and 
boric  acid  are  added  to  the  core  mixture,  boric  acid  is  added  to  the 
paint  for  chill  molds.  Castings  from  the  magnesium  alloys  are  obtained 
by  casting  into  sand  and  shell  molds,  into  chill  molds,  by  pressure 
casting,  by  the  lost  wax  process,  and  by  casting  into  gypsum  molds. 

As  a  rule,  the  mecheLnlcal  properties  of  the  alloys  on  specimens 
out  from  castings  are  lower  than  those  of  Individually  cast  specimens. 
According  to  the  accepted  standards,  the  average  values  of  the  ultimate 
strength  on  specimens  cut  from  castings  must  be  no  less  than  75  and  85:^ 
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of  the  ultimate  strength  of  Individually  cast  specimens  of  the  alloys 
of  the  Mg  -  A1  -  Zn  and  Mg-Zr  systems,  and  the  elongation  must  be  no 
less  than  50  and  605^  respectively.  The  yield  strength  of  the  alloys  in 
castings  and  individually  cast  specimens  is  practically  the  same. 

In  the  design  of  sprue  and  header  systems  for  mold  casting,  account 
Is  taken  of  the  easy  oxidizability  of  the  magnesium  alloys  in  the  liqu¬ 
id  condition,  the  considerable  shrinkage  (1.1-1. 3  for  the  ML5  alloy 
and  1.3-1* 5  for  alloys  based  on  the  Mg-Zr  system),  the  low  thermal  cap¬ 
acity  and  latent  heat  of  fusion  in  comparison  with  the  aluminum  alloys, 
the  low  specific  weight  (1.76-1.84  g/cm^  depending  on  the  composition) 
and,  consequently,  the  low  metallostatic  pressure,  high  hot  brittleness, 
tendency  to  formation  of  microporosity,  lower  fluidity  (length  of  fluid¬ 
ity  test  rod  is  290-300  mm  for  the  ML5  alloy  and  250-320  mm  for  the  al¬ 
loys  of  the  Mg-Zr  system).  Ihe  header  system  is  designed  on  the  basis 
of  the  principle  of  an  expanding  metal  flow,  i.e.,  gradual  increase  of 
the  section  areas  of  the  basic  elements  of  the  system  from  the  stand¬ 
pipe  to  the  casting.  The  best  combination  of  total  sections  of  the  sta¬ 
ndpipes,  skimmers  and  feeders  is  1:2:4. 

Castings  made  from  the  cast  magnesium  alloys  may  be  delivered  with¬ 
out  heat  treatment  and  as-heat- treated  in  various  conditions.  The  de¬ 
signation  for  the  forms  of  heat  treatment  are:  T1  -  aging  after  casting; 
T2  -  annealing  after  casting;  T4  -  solution  treatment;  T6  -  solution 
treatment  and  artificial  aging. 

In  melting,  casting,  thermal  treatment  and  mechanical  working  of 
the  cast  magnesium  alloys  it  is  necessary  to  observe  the  rules  for  fire 
prevention  safety  (see  Magnesium  Alloys).  These  alloys  are  used  for  the 
fabrication  of  various  details  for  flight  vehicles  -  aircraft  wheel  com¬ 
ponents,  control  details  and  wing  details  for  airplanes.  Jet  engine 
parts  (compressor  castings,  accesory  drive  housings,  oil  pumps),  etc. 
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In  the  auto  industry  they  are  used  for  engine  cremkcasec,  transmlaclon 
housings,  wheel  components,  pump  housings,  clutches,  etc. ;  in  machine 
design  they  are  used  for  machine  tool  beds,  planer  guides,  milling  cut¬ 
ter  heads,  making  it  possible  to  reduce  not  only  the  machine  weight  but 
also  the  inertia  forces  in  the  moving  parts  of  the  machines;  in  the  tex¬ 
tile  Industry  they  are  used  for  warping  machine  shafts,  bobbins,  spools 
and  reels  for  textile  machines;  in  the  electric  and  electronic  indust¬ 
ries  they  are  used  for  electric  motor  parts,  magnetic  tape  recorder 
cases,  dictaphones,  recorder,  etc.,  particularly  in  those  cases  when  a 
nonmagnetic  material  is  required.  Tliey  are  used  to  fabricate  supports 
for  television  cameras,  movie  cameras,  mobile  x-ray  equipment,  various 
vibration- resistant  panels  for  instruments  and  damper  parts.  IBiey  are 
used  to  fabricate  parts  for  portable  instruments  and  tools,  in  particu¬ 
lar  power  saws  for  felling  timber,  pneumatic  drilling  machines,  vacuum 
cleaners,  tampers,  etc;  in  the  tractor  Industry  they  are  used  for  cast¬ 
ing  transmission  housing,  in  shipbuilding  for  the  production  of  bumpers, 
and  also  in  many  other  branches  of  engineering. 

References;  Poirtnoy  K.  I. ,  Lebedev  A.  A.,  Magniyevyye  splavy  (Mag¬ 
nesium  Alloys) ,  Handbook,  M. ,  1932;  Bochvar  A.A. ,  Metallovedenly  (Met¬ 
al  Science),  5^  ed. ,  M. ,  1956;  Al'tman  M.  B. ,  Lebedev  A.A.,  Chukhrov  M. 
V.,  Plavka  1  lit’ye  splavov  tsvetnykh  metallov  (Me2  ng  and  Casting  of 
Nonferrous  Metal  Alloys),  M. ,  1963;  Magnesium  and  its  Alloys,  collect¬ 
ion  of  articles,  ed.  by  A.  Bek,  translated  from  Geraan,  M. ,  19^1;  Kry- 
mov  V.  V. ,  Magniy  1  ego  splavy  (Magnesium  and  Its  Alloys),  in  collection 
Spravochnik  metalllsta  (Metal  Wroker's  Handbook),  Vol.  3,  Book  1,  M.  , 
1959;  —  Liteynyye  magniyevyye  splavy  1  ix  primeneniye  v  tekhnlke  (Cast 
Magnesium  Alloys  euid  Their  Use  In  Engineering),  in  collection:  Magniye¬ 
vyye  splavy,  M. ,  I960;  —  Llt'ye  magnivyevykh  splavov  (Casting  of  Mag¬ 
nesium  Alloys),  M. ,  19^8;  Krymov  V.  V. ,  Vyshkvarko  S.  0. ,  Fasonnoye  llt'ye 
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magnlyevylch  splavov  (Permanent  Mold  Castinc  of  Ma/inocium  Alloys),  M. , 
1952j  Tlkhova  N.M. ,  Blokhina  V.A. ,  Afanao'yeva  L.A.,  Litoynyye  magnlyev- 
yya  splavy  s  redkozemel'nyml  metallaml  (Astln^'  Ma(picaluin  Alloyr;  with 
tha  Rare-Earth  Metals),  In  collection:  Rare  Metals  and  Alloys,  M. ,  I9CO; 
Tlkhova  N.M. ,  Afanas'yeva  L.A.,  Metallovedenlye  1  obrabotka  metallov 
*  (Metal  Science  and  Metal  Working),  1938,  No  3;  Anikina  A. D. ,  Lebedev  A. 
A.,  Makhova  A.V. ,  Tekhnologlya  wedenlya  tslrkonlya  v  magnlyevyye  cpla- 
vy  (Technology  for  Introduction  of  Zirconium  Into  Magnesium  Alloys),  M. , 
I96I;  Ooskhshteyn  M.B. ,  Beshanova  N.  Ya. ,  Astaulov  V.  S. ,  Plavka  magnlya 

1  yego  splavov  a  prlmenenlyem  khlorlstykh  1  beskhlorldnykh  flyusov 
(Melting  of  Magnesium  andlts  Alloys  with  the  Use  of  Chloride  and  Chlor¬ 
ide-Free  Fluxes),  M. ,  1958;  Astaulov  V.  S. ,  Zheglova  Ye.  I.,  Komissarova 
V.  S. ,  Magnlyevyye  splavy  s  povyshennoy  korrozionnoy  stoykost’yu  (Mag¬ 
nesium  Alloys  with  High  Corrosion  Resistance ), M. ,  1958;  Tlkhova  N.M. , 
Blokhina  V.A. ,  Vllyanlye  nadreza  na  mekhanlchesklye  svoystva  spava  ML5 
(Notch  Effect  on  Mechanical  Properties  of  the  ML5  Alloy),  Metalloveden¬ 
lye  1  obrabotka  metallov,  1957,  No  8j  Astaulov  V.  S. ,  Zheglova  Ye.  I., 
Plavka  magniyevykh  splavov  v  induktsionnykh  tigel'nykh  pechakh  prcaays- 
hlennoy  chastoty  (Melting  magnesium  alloys  In  Induction  crucible  furn¬ 
aces  at  industrial  frequency),  MsM,  1956,  No.  7;  Astaulov  V.  S. ,  Litey- 
noye  prolzvodstov  (Casting  Production),  1957,  No.  12;  Astaulov  V.  S. , 
Kltarl-Oglu  r . G. ,  Astaulova  A. S. ,  Byul.  Tsvetnoy  metal lurgil  (Bulletin 
of  Nonferrous  Metallurgy),  i960.  No.  4;  Raynor  G.  V.,  The  physical  me¬ 
tallurgy  of  magnesium  and  Its  alloys,  L. ,  1959;  B  ulian  W. ,  Fahrenhorst 
E. ,  Metallographle  des  Magnesiums  und  seiner  technlschen  Leglerungen, 

2  Aufl. ,  B.  -  (u.a.  ),  1949. 

N.M.  Tlkhova 
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CAST  MAGNETS  -  see  Alni  Alloys. 
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CAST  mOBIIJM  l8  niobium  Nhich  is  px*oduced  by  the  method  of  elec¬ 
tric  «rc  and  electron  beam  remelting  in  a  vacuum  (lO”^  to  10”^  ran  Kg). 
During  vacuum  remelting  the  harmful  impurities  (0,  N  and  others)  are 
evaporated,  since  their  vapor  pressure  is  considerably  higher  than  that 
of  the  niobium  vapor.  Deoxidation  may  taike  place  as  a  result  of  evapor¬ 
ation  of  the  lower  niobium  oxides  and  flotation  of  the  nonmetallic  In- 
clu8i<aui,  and  10-20)t  of  the  oxygen  may  be  removed  In  the  foxmi  of  carbon 
monoxide.  The  time  that  the  metal  remains  In  the  liquid  condition  under 
the  vacuum  and  also  the  metal  superheat  have  considerable  influence  on 
the  refining  of  niobium  during  arc  and  electron  beam  melting.  After 
electric  arc  remelting  with  a  rate  of  720  grams  per  minute,  niobium 
containing  0.25^  0  and  0. C  has  a  hardness  (HB)  of  138  kg/mm^,  and 
after  electron  beam  remelting  at  the  same  rate  it  is  80-100  kg/ran^.  Ni¬ 
obium  is  cast  into  ingots  weighing  1000  kg  aixl  more.  Hot  deformation  is 
used  to  form  bars,  rods,  tubing  blanks  and  other  mill  products  from  the 
ingots.  Ihe  electric  arc  and  electron  beam  remeltlng  methods  using  slag 
may  be  used  tc  obtain  shaped  castings  which  can  be  poured  into  graphite 
fonos  or  chill  molds  (see  Pressure  Working  of  Niobium). 

References:  Kolchln,  0. P. ,  Nlobly  1  tantal  (Niobium  and  Tantalum], 
Moscow,  1959;  Kleffer,  R. ,  Kieffer  B. ,  "Metal,"  1961,  Vol.  15,  No.  5, 
pages  39^-^02;  Oglermann,  0.,  Scheibe,  W. ,  idem..  No.  1,  pages  3-8; 
"Aviation  Week,"  196I,  Vol.  7^,  No.  2,  page  73- 
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CAST  PHENOL  PLASTIC  —  are  nonfilled  resins  of  the  resol  type  ob¬ 
tained  by  condensation  of  phenol  and  formaldehyde  with  addition  of 
basic  or  acid  catalysts,  and  cured  in  open  molds.  The  cast  phenol-alde¬ 
hyde  plastics  have  different  properties  depending  on  the  phenol  -  for¬ 
maldehyde  ratio,  the  condensation  conditions  and  the  catalysts  used. 

The  cast  phenol  plastic  Neoleucorlte  Is  obtained  by  condensation 
of  phenol  with  formaldehyde  and  an  alkaline  catalyst  (sodium  hydroxide) 
and  a  subsequent  neutralization  of  the  alkaline  medium  by  lactic  acid. 
The  curing  of  the  Neoleucorlte  Is  carried  out  In  open  plaster  or  lead 
molds,  raising  the  temperature  gradually  and  keeping  It  at  8O-IOC*  for 
80  hours.  Neoleucorlte  Is  available  as  5C-100  doi  thick  cut-sheets  or 
as  rods.  The  properties  of  Neoleucorlte  are  given  in  the  article  Neoleu 
corite. 

Cast  reslstes  are  prepared  by  condensation  of  phenol  and  formalde¬ 
hyde  in  presence  of  a  catalyst  (potash);  they  are  modified  by  glyptal 
resin.  They  are  available  as  5O-IOO  mm  thick  cut-sheets  and  cylindrical 
rods  with  a  diameter  of  15-20  mm. 

Neoleucorlte  and  cast  resiles  are  raw  materials  used  for  the  manu¬ 
facture  of  commodities;  they  may  be  ground,  cut,  drilled,  turned,  ana 
polished. 

Carbolite  is  prepared  by  condesnatlon  of  p.henol  or  cresol  and  for¬ 
maldehyde  using  zinc  acetate  (as  a  catalyst).  The  curing  of  the  carbo- 
llte  is  carried  out  In  open  molds  In  the  presence  of  petroleum  sulfo- 
acids  (Petroff's  contact)  at  30-10C*.  Carbolite  l.r  used  for  the  produc¬ 
tion  of  electric  Insulating  objects.  The  conditions  for  the  machining 
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of  cast  carbollte  are  similar  to  thor.e  of  the  neoleucorlte. 

PhyslcomechanJcal  Properties  of  Neo¬ 
leucorlte,  Cast  Reslte,  and  Carbollte 
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1)  Characteristics;  2)  neoleucorlte;  3)  cast  resltes;  carbollte;  5) 
specific  gravity;  6)  specific  resilience  (kg'cm/crr^) ;  7)  temporary  com 
presslon  strength  (kg/cm^);  8)  temporary  static  bending  strength  (kg/ 
/cm2);  9)  Brinell  hardness  (kg/mm^);  10;  tensile  strength;  11)  heat 
resistance  according  to  Martens  (not  less  than,  “C);  12)  free  phenol 
content  (not  more  than,  ^);  13)  water  adsorption  (not  more  than,  ^); 
l4)  mean  breakdown  voltage  (kv/mra);  15)  coefficient  of  linear  expan¬ 
sion;  l6)  heat  conductivity  (kcal/m»hr»®C) ;  17)  specific  heat  (cal/ 

/g-*c). 


Cast  phenol  plastics  are  bonded  by  joiner's  glue,  by  cold-curing 
phenol  adhesives,  and  by  a  solution  of  polyvinyl  chloride  In  dichlor- 
oe thane. 

The  resin  30  Is  a  phenol-formaldehyde  resin  modified  by  a  polya¬ 
mide  which  is  added  in  oiaer  to  improve  the  elasticity  of  the  product; 
It  Is  used  for  the  production  of  dies  and  of  master  patterns.  The  war¬ 
ranted  shelf  life  01  the  resin  la  closed  glass  or  iron-plate  packing  1 
1  year.  The  casting  composition  contains  the  resin  30  (100  parts  by 
weight),  coimmerclal  formalin  (^  parts  by  weight),  a  curing  agent  (Pe- 
troff ' s  contact,  7  parts  by  weight),  and  a  plasticizer  (oleic  acid, 
1-3^).  The  composition  Is  prepared  by  a  caref'Q  mixing  of  the  compon¬ 
ents.  The  finished  composition  Is  poured  Into  plaster  or  wood  molds 
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covered  with  a  separating  agent.  The  molds  are  r;et  under  a  vacuum  of 
not  less  than  1!50  nun  mercury  column  for  minuter,  In  order  to  remove 
the  air  bubbles  enclosed  during  mixing  and  pouring.  The  filled  molds 
are  kept  at  room  temperature  until  the  resin  is  thickened.  In  contrast 
to  the  neoleucorite,  the  cast  resltes,  and  the  carbolite,  only  a  small 
quantity  of  heat  is  liberated  during  the  exothermic  curing  reaction  of 
the  resin  30.;  the  temperature  of  the  resin  rises  only  to  36-33*  after 
the  curing  agent  Is  added,  and  drops  subsequently  to  the  normal  level. 
The  resin  compound  becomes  rubber-like  or  solid  within  16-24  hours  and 
is  then  exposed  to  a  heat  treatment  under  one  of  the  following  condl; 
tlons:  1)  8  hrs  at  30*,  24  hrs  at  50®,  24  hrs  at  60®,  and  12  hrs  at 
40°,  or  2)  8  hrs  at  30®,  24  hrs  at  50®,  and  12  hrs  at  40*.  The  hat 
treatment  is  continued  for  24-68  hours,  depending  on  the  shape  and  the 
weight  of  the  object.  The  curing  and  cooling  must  be  carried  out  grad¬ 
ually  to  Improve  the  quality  of  the  products.  The  cured  resin  30  has  a 

compression  strength  of  1100-1200  kg/cm",  a  static  bending  strength  of 
o  o 

800-900  kg/cm',  a  resilience  of  9-12  kg»cm/cm  ,  a  Brinell  hardness  of 
20-22  kg/'''.mm~,  a  shrinkage  of  0.25-0.3^,  and  it  may  be  used  at  tempera¬ 
tures  up  to  200®.  The  resin  30  is  reco.mmended  for  the  production  of 
dies  for  the  cold-pressing  of  metals  and  for  the  production  of  dies  for 
the  cold-pressing  of  metals  and  for  the  production  of  casting  equipment. 
Fillers  (crushed  waste  plastics  or  wood  s.havlngs)  are  added  when  large¬ 
sized  (tall)  models  are  manufactured.  Rods,  metallic  one-piece  casings 
or  ca.sings  made  from  thin  wire  are  used  for  the  manufacture  of  such 
kind  of  models,  and  also  for  thin-walled  objects  and  objects  with  a 
co.mple<  shape.  The  metal  surface  is  previously  covered  with  a  thin  lay¬ 
er  of  an  epoxy  resin  to  avoid  the  effect  of  the  acid  contained  in  the 
resin.  The  cast  models  require  no  machining.  The  models  made  from  re¬ 
sin  30  have  a  wear-resistance  whlr'h  is  comparable  to  that  of  models 
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made  from  aluminum.  The  resistance  to  abrasion  is  hlf^her  thian  that  of 
models  made  from  epoxy  resins.  The  models  made  from  resiri  30  are  up  to 
70^  cheaper  than  such  ones  made  from  aluminum. 

References;  Petrov,  G.S.,  lokusstvennyye  smoly  i  r^lastmassy  [Syn¬ 
thetic  Resins  and  Plastics],  Moscow,  1937;  Kozlovskiy,  A.L. ,  Prclzvod- 
stvo  litykh  phenol-al' degldnykh  smol  (litykh  rezitov)  [Production  of 
Cast  Phenol-Aldehyde  Resins  (Cast  Resltes)],  Moscow-Lentngrad,  1940; 
Tsygankova,  N.Ya. ,  Marasanova,  V.A. ,  Prlmenenlye  fenoloformal' degldnykh 
smol  dlya  Izgotovlenlya  llteynoy  osnastki  [Utilization  of  Phenol-For¬ 
maldehyde  Resins  for  the  Production  of  Casting  Equipment],  in  the  book: 
Prlmenenlye  plastmass  dlya  izgotovlenlya  llteynoy  osnastki  [Utilization 
of  Plastics  for  the  Production  of  Casting  Equipment],  Moscow,  196I; 
Tsygankova,  N.Ya.,  Kadushlna,  V.A.,  Prlmenenlye  fenol'nykh  smol  dlya 
izgotovlenlya  modeley  1  shtampov  [Utilization  of  Phenol  Resins  for  the 
Production  of  Models  and  Stamps],  "Plasticheskiye  massy,"  i960.  No.  3, 
pages  49-51. 

M.S.  Krol’ 
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CAST  POLYACRYLATES  —  productc  of  polymerization  of  mothacrylic 
acid  and  copolymerization  of  acrylic  and  methacryllc  acids  with  styrene 
or  acrylonitrile.  Cast  polyacrylates  are  produced  in  tne  following 
grades:  PT,  MS,  and  MSN.  They  are  produced  as  granules  3*5“^»0  nun  in 


diameter.  For  the  characteristics  of  cast  polyacrylates,  see  the  table 
(page  ). 

Characteristics  of  Cast  Polyacrylates 
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1)  Characteristic;  2)  grade;  3)  specific  gravity;  4)  ultimate  strength 

ikg/cm^)  in;  5)  compression;  6)  bending:  7)  specific  impact  resistance 
k.g»cm/cm2);  8)  Brinell  ha’^dness  (kg/mm^)*  9)  Martens  thermal  stability 
°C);  10)  water  absorption  in  24  hoxirs  {%);  11)  dielectric  loss  tan¬ 
gent  at  10^  cps;  12)  dielectric  constant  at  10  cps;  13)  specific  sur¬ 
face  resistance  (ohms);  l4)  bulk  resistivity  (ohm»cm);  15)  electrical 
strength  (kv/mm). 


Cast  polyacrylates  have  high  transparency,  are  resistant  to  oil, 
gasoline,  light,  and  weather  and  can  take  on  various  colors  and  tints, 
from  very  light  to  very  dark;  MSN  cast  polyacrylate  dissolves  in  dichlo- 
roethane,  methylene  chloride,  and  benzene,  emd  may  be  used  in  varnishes 
of  5-10  concentration  to  varnish  products.  Cast  polyacrylates  are  eas¬ 
ily  inject  ion -molded  into  products;  grades  MS  and  MSN  are  also  manu¬ 
factured  into  products  by  extrusion  and  molding.  Cast  polyacrylates  are 
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widely  used  in  the  manufacture  of  Industrial  product.';  (f^ort;;  for  the 
aircraft  and  automotive  industries,  eJectronlcs  .'j.nd  radio  part.';,  in¬ 
strument  housin{>;s,  and  similar  products)  nr.  well  nr.  for  household  f'oodr. 

N.P.  Gashnikova 
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CAST  RESITE  —  see  Cast  phenolic  plastics. 
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CAST  SCAI£ -RESISTANT  STAINLESS  STEEL  is  highly  alloyed  steel  for 
fabricating  cast  detail  parts  operating  at  high  temperatures  and  having 
high  scale  resistance. 


Pig.  1.  Variation  of  mechanical  properties  of  Khl8N9TL  steel  with  tern- 

P  P 

perature  Increase,  l)  a^^,  kgm/cm  ,  6  and  and  Oq  2^  kg/mm  j  2) 

an*  3)  temperature,  *C. 

TABLE  1 

Chemical  Composition  of  Cast  Scale-Resistant  Stain¬ 
less  Steels 


I)  Steel;  2)  element  content  {%)',  3)  not  more  than;  4)  other  elements; 
5}  COST  or  TU;  6)  Kh9S2L;  7)  OOST;  8)  Kh6S2ML;  9)  same;  lO)  Khl8N9TL; 

II)  Khl8N12M3TL:  12)  Kh24N12SL;  13)  Khl8N24S2L;  14)  Kh25N19S2L;  15)  LA- 
1;  16)  PMTU;  17)  LA-6. 

On  the  basis  of  structure,  th^  cast  scale-resistant  stainless 

steels  are  divided  Into  several  groups:  hardenable  martensitic  (see 
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Cast  HlKh -Temperature  Conglructlonal  Steel),  ferritic,  semi ferritic  and 


martensitic  (see  Cast  Stainless  Steel),  austenitic. 

TAB1£  2 

Mechanical  Properties  of  Cast  Scale -Resistant  Stain¬ 
less  Steels  (no  less  than) 
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l)  steel;  2)  heat  treatment;  3)  (kg/nn  );  4)  an  (kgm/cm  );  5)  COST  or 
TU;  6)  Kh9S2L;  7)  quench  from  -  in  water;  8)  COST;  9)  KhoSPML;  10 ) 
same;  ll)  Khl8N9TL;  12)  Khl8N12M3TL;  13)  Kh24N12SL;  14)  Khl8N24S2L;  15) 
Kh25N19S2L;  l6)  LA-1;  17)  quench  from  -  In  air  and  aging  at  -;  l8)  PMT- 
U;  19)  LA -6;  20)  quench  from  -  In  air  and  aging  at  -  £uid 


TABLE  3 

Physical  Properties  of  Cast 
Scale-Resistant  Stainless  Steels 
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13.1  (20—100*) 
10.2(20-300*) 
10.2(20-700*) 

0.333  (100*) 
0.032  (330*) 
0.041  (700*) 

1)  Steel;  2)  -  (cal/cm-sec-*C);  3)  4)  Khl8N9TL;  5)  Kh25N19S2L;  6) 

T.A  P-*- 


Hie  chemical  composition  of  some  typical  grades  of  cast  scalene- 

slstant  stainless  steels  Is  shown  in  Table  1. 

The  mechanical  properties  of  the  cast  scale -resistant  stainless 

steels  are  determined  on  specimens  cut  from  blanks  cast  from  the  sane 
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Fig.  2.  Stress -rupture  strength  of  the  Khl8N9TL  steel,  l)  a,  kg/nin^;  2) 
coogputed  values;  3)  time  to  failure,  hours. 


K)  too  tuoo  IfMHMt 


Fig.  3*  Stress -rupture  strength  of  the  Kh25N19S2L  steel  (quench  fiHjm 
li60*,  aging  at  300-750*).  1)  o,  kg/um^;  2)  time  to  fad-lure,  hours. 


Fig.  4.  Creep  strength  of  the  Kh25N19S2L  steel,  l)  o,  kg/nrn^;  2)  creep 
rate,  f(/hr. 


Fig.  5*  Variation  of  haxxlness  and  Impact  strength  of  the  LA-1  steel  af¬ 
ter  aging  (quench  from  1160",  aging  at  770-800*).  1)  HB,  kg/mm^;  2)  a^, 

kgm/cm^;  3)  time,  hours. 


Fig.  6.  Stress -rupture  strength  of  the  LA-1  steel.  1)  o,  kg/ian^;  2) 
time  to  failure,  hours. 
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mcta]  molt  aa  the  parts,  and  heat  treated  to(fcther  with  them. 

The  Kh9S2L  and  Kh6S2ML  steels  bolone  to  the  silchrome  t^roup  of  the 
pearlltlc  class  which  harden  into  mairtenslte  and  which  have  not  only 
high  oxidation  resistance,  but  also  good  wear  resistance.  Introduction 
of  molybdenum  Into  the  composition  of  the  sllchromes  reduces  the  temper 
brittleness  of  this  steel. 

The  variation  with  temperature  of  the  mechanical  properties  of  the 
Khl8N9TL  steel  of  the  austenitic  class  after  air  quench  from  1100*  and 
aging  at  800*  is  shown  In  Pig.  1,  and  the  stress -i*upture  strength  Is 
shown  in  Pig.  2.  The  creep  strength  (residual  deformation  after 
1CX),000  hours)  of  the  Khl8N9TL  steel  at  600*  Is  12  kg/mm^,  and  the 
stress  rupture  strength  after  100,000  hours  at  600®  Is  13  kg/mm  . 

The  8 tress -rupture  strength  and  the  creep  resistance  of  the  Kh25- 
N19S2L  austenitic  steel  are  shown  In  Pigs.  3  and  k.  The  creep  limit  at 
650“  after  100,000  hours  Is  8  kg/mm  ,  the  stress -rupture  strength  at 

p  p 

these  same  conditions  Is  9.7  kg/nm  ,  and  at  600*  Is  I6  kg/mm  .  The  var¬ 
iation  of  the  hardness  and  the  Impact  stirength  of  the  LA-1  austenitic 
class  steel  after  aging  Is  given  in  Pig.  5,  the  stress -rupture  strength 
Is  shown  In  Pig.  6. 

A  drawback  oT  the  Kh24N12SL  and  ICh25N19S2L  steels  is  the  tendency 
to  embrittlement  under  the  Influence  of  extended  time  at  800® ,  associ¬ 
ated  with  the  formation  of  the  0 -phase. 

The  temperature  of  beginning  of  intensive  oxidatiev)  Is  900*  for 
the  Kh9S2L  steel,  and  from  700  to  800*  for  the  Kh6S2KL  steel.  The  IKh- 
18N9TL  steel  is  not  prone  to  Intercrystalllne  corrosion,  with  respect 
to  scale  formation  It  permits  long-term  use  at  temperatures  to  750*; 
the  beginning  of  Intensive  oxidation  In  air  occurs  at  a  temperature  cf 
850*.  The  Kh24N12SL  steel  has  high  resistance  to  gaseous  corrosion,  and 
with  Inspect  to  scale  fomation  permits  use  to  900*.  The  Kh25N19S2L 

tSl 
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Steel  In  am  atlr  medium  has  a  weight  Increase  after  3.00  hours  (g/m^-hr): 
0.14  (800“),  0.25  (900*),  0.42  (1000*),  0.77  (1100*);  beginning  of  in¬ 
tensive  oxidation  Is  at  a  temperature  of  1100°.  The  LA -6  steel  Is  net 
prone  to  Intercrystalline  corrosion,  thanks  to  the  pr'  j<  noe  of  tli^  sta¬ 
bilizing  element  niobium;  In  this  respect  this  steel  has  an  advantage- 
over  the  IA-1  steel. 

Processing  properties.  Casting  of  the  cast  scale-resistant  steels 
Is  performed  using  the  lost  wax  method.  In  ceramic  and  shell  forms; 
ring-shaped  paurts  are  centrlfugally  cast  into  a  shell  mold.  The  flu  Lei - 
ty  Is  high.  Casting  free  shrinkage  Is  2-2. 55^.  W'  ldabllity  Is  good. 
Welding  and  corrective  welding  of  casting  defects  Is  p-.rforme  i  usLr.s 
arc  welding.  Machlnablllty  Is  satisfactory. 

The  Kh9S2L  steel  Is  used  for  parts  operating  with  I'.w  loa^is  a* 
temperatures  to  700°;  the  Kh6S2ML  steel  Is  used  for  parts  op-.ratln.;  at 
temperatures  to  750“  (parts  for  crackln.-;  plants,  pump  parts,  Th 

Khl8N9TL  steel  is  used  for  parts  operating  at  t’-mp-.ratur -s  ‘.t  6CC"  ( 
pipeline  outlet  headers,  equipment  fur  pet:  ...lour,  r-  fir.lng  Installa¬ 
tions,  cementation  boxes);  the  Khl8N12M3TL  .'te-  1  In  us  ■.  r  fasts  ^  r- 
eratlng  at  temperatui  cs  tc  800^;  th-  Kh25N19f2L  s*  -  -  .  is  us  :  i  I'c:'  c  a.  • 
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periods  in  the  stressed  condition  at  temperatures  to  650*. 

References:  Khlmushln,  P.P. ,  Zharoupomyye  stall  1  splavy  [Heat- 
Resistant  Steels  and  Alloys],  Moscow,  1949;  Liberman,  L. Ya.  and  Peyol- 
khls,  M.I.,  Spravochnlk  po  svoystvam  staley,  prlmenyayemykh  v  kotlotur- 
bostroyenll  [Handbook  on  Properties  of  Steels  Used  In  Boiler  and  Tur¬ 
bine  Construction],  2nd  edition,  Moscow -Leningrad,  1958;  Stalnoye  llt’- 
ye  [steel  Casting],  Handbook  edited  by  N.  P.  IXjblnln,  Moscow,  I96I; 
Mikhaylov 411  kheyev,  P.B. ,  Metall  gaizovykh  turbln  [Oas  Turbine  Metal], 
Moscow -Leningrad,  1958;  Metal loved enlye  1  termlcheskaya  obrabotka  stall 
1  chuguna  [Metal  Science  and  Heat  Treatment  of  Steel  and  Iron],  Hand¬ 
book,  Moscow,  1956* 

N.M.  Tuchkevlch 
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CAST  STAINLESS  STEEL  is  steel  which  is  used  for  fabricating  cast 
parte  which  have  reslvstance  to  atmospheric  corrosion.  The  cast  stain¬ 
less  steel.  Just  as  the  stainless  steel  used  in  the  wrought  condition, 
is  highly  alloyed,  and  depending  on  the  structure  and  alloying  may  be¬ 
long  to  the  ferritic,  semiferritlc,  martensitic,  and  austenitic  class¬ 
es.  The  corrosion  resistance  of  the  cast  stainless  steel  is  provided  by 
the  chrome  content  (more  than  125^).  Further  increase  of  the  chrome  con¬ 
tent  to  175^  and  more  makes  the  steel  acid  resistant  and  scale  resis¬ 
tant.  The  corrosion  resistance  of  the  cast  stainless  steel  also  depends 
on  the  carbon  content  and  the  heat  treatment.  In  castings  made  from  the 
ferritic  chrome  steel  (more  than  15-l8^  chromium),  after  slow  cooling 
or  long-term  heating  at  450-500“  there  develops  a  brittleness  -  the  so- 
called  "475°  brittleness"  which  practlcaDly  eliminates  the  use  of  this 
steel  for  highly  loaded  parts.  Most  widely  used  in  machine  design  fer 
shaped  castings  is  the  cast  stainless  steel  of  the  semiferritlc  class 
of  the  lKhl3L  type,  the  Khl7N3SL,  2Khl3L  and  Khl3N3VFL  steels  of  the 
martensitic  class,  and  the  Kjil8ri9TL  steel  of  the  austenitic  class  (for 
composition  and  properties  of  the  Khl8N9TL  steel,  see  Cast  Scale-Resis¬ 
tant  Stainless  Steel). 

The  mechanical  properties  are  determined  on  spsclmens  cut  from 
bars  cast  from  the  same  metal  melt  as  the  parts,  and  heat  treated  along 
with  them.  To  determine  the  mechanical  properties  of  castings  made  us¬ 
ing  the  lost  wax  process,  use  is  made  of  prepared  specimens  made  from 
lost  wa:r  models  or  special  blanks-  When  cast  using  the  lost  wax  proc¬ 
ess,  the  2Khl3L  steel  aftei'  heat  treatment  using  various  regimes  has 
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TABLE  1 

Chemical  Composition  of  Cast  Stainless  Steel 
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*In  addition,  0.  003 -0. 006$^  V;  T  content  up  to  0.055^ 
is  also  permitted. 

l)  Steel;  2)  element  content  (^) ;  3)  GOST  or  TU;  4)  no  more  than;  5) 
lKhl3L;  6)  GOST;  7)  2Khl3L;  8)  same;  9)  Khl3N3VPL;  lO)  AMTU;  11)  KhlTN- 
3SL. 


TABLE  2 


Mechanical  Properties  of  Cast  Stainless  Steel 
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l)  Steel;  2)  GOST  or  specification;  3)  heat  treatment;  4)  a^,  kgm/cm  ; 

5)  HB  mm);  6)  (kg/mra^);  7)  lKhl3L;  8)  GOST;  9)  anneal  at  950“, 

water  quency  from  1050°,  temper  at  750“;  10 )  2Khl3L;  11 )  same;  12)  Kh- 
13N3VPL;  13 j  AMTU;  14)  oil  or  air  quency  from  1050°,  temper  at  -;  15) 
Khl3N3VPL;  l6)  Khl7N3SL;  17)  temper  at 

TABLE  3 


Mechanical  Properties  of  2Klil3L  Steel  After  Various 
Heat  Treatment  (cast  by  lost  wax  process) 
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TABI£  4 

Creep  and  Endurance  Strengtho  of  Khl3N3VFL  and  Khl?- 
N3SL  Steels  (in  rotating  bonding) 
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♦Semicircular  notch  of  radius  0.  75  nim  on  specimens 
with  diameter  at  base  of  notch  7*5  nim,  and  for  spe¬ 
cimen  tested  at  20“  this  diameter  was  8  mm. 

l)  Steel;  2)  heat  treatment;  3)  test  temperature  (®C);  4)  on  basis  of 
residual  deformation;  5)  on  basis  of  over-all  deformation;  6)  on  basis 

of  10*^  cycles;  7)  (kg/mm^);  8)  Khl3N3VPL;  9)  oil  quench  from  1050“, 
temper  at  650“;  10;  Khl7N3SL;  11)  oil  quench  from  1050“,  temper  at 

550*. 


TABLE  5 


Mechanical  Properties  of  Khl3N3VPL  and  Khl7N3SL 
Steels  at  High  Temperatures 
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1)  Steel:  2)  heat  treatment;  3)  temperature  (“C);  4)  (kg/mm  );  5)  Khl3- 
N3VPL;  6)  oil  quench  from  1050^,  temper  at  -;  7)  Khl7N3SL;  8)  temper  at 

680“. 


the  mechanical  properties  shown  In  Table  3-  The  creep  and  endurance 
limits  of  the  Khl3N3VFL  and  Khl7N3SL  steels  at  various  temperatures  are 
shown  In  Table  4.  The  mechanical  properties  of  the  Khl3N3VFL  and  KhlTN- 
3SL  steels  at  high  temperatures  are  shown  In  Table  5.  The  physical 
properties  are  given  In  Table  6. 

Cast  stainless  steel  has  high  resistance  to  atmospheric  corrosion, 
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in  river  and  reservoir  water  after  heat  treatment  and  polishing,  satis 
factory  resistance  In  contact  with  food  products  and  In  solutions  of 
nitric  acid.  Ihe  KhlTNSSL  steel  has  high  resistance  to  atmospheric  cor 
roslon  at  temperatures  to  500"  and  scale  resistance  at  temperatures  to 

TABLE  6 

Physical  Properties  of  IKh- 
13L,  Khl3N3VPL,  Khl7N3SL 
Steels 


Cra.lh 
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(tyj*') 
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>.  3 

<  X  1  3.T 

7.7* 
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1 2  (20-50(1”) 

j _ 
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7.8 
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O.O.'iJ  (liOO*) 

o.or>'j  (400*) 
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6 

7.8 

J 1  (20-200”) 
13.C  (200- 
300”) 

<5.1  (400- 
500") 

!  ').0t7  (I0((") 
').0.5I  (200‘) 

0,059  (400”) 
().006  (000”) 
0.071  (500”) 

&]  aiTOSL  3)  1  (oal/om-sec-»C);  4)  iKhl3L;  5)  Khl3H3VPL; 


800”;  intensive  oxidation  begins  at  850”.  The  2Khl3L  steel  has  scale 

resistance  at  temperatures  to  750”.  The  Khl3N3WL  steel  Is  oxidation 
resistant  at  temperatures  to  700®. 

Technological  properties.  With  high  chromium  and  Iron  content,  th, 
fluidity  Of  cast  stainless  steel  Increases  as  a  result  of  lowering  of 
the  melting  point  and  the  thermal  conductivity.  Perrltlc  steel  with  lo. 
carbon  content  requires  greater  superheating  In  pouring  Into  forms  as  i 
result  of  Its  high  viscosity.  The  fluidity  of  the  Khm3SL  steel  la 
good.  The  linear  free  shrinkage  of  this  steel  Is  2.558.  A  coarse  grained 
structure  Is  obtained  In  castings  with  slow  cooling  of  the  metal  In  the 
process  of  crystallization  of  the  chrome  ferritic  steel.  Casting  of 
parts  from  the  cast  stainless  steels  Is  perfonsed  Into  send  and  shell 
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forms.  Casting  of  small  thln-wall  parts  (compressor  Llaciec  and  other 
detail  parts  amd  components)  Is  performed  Into  ceramic  forms  and  uslnjf 
the  lost  wax  process. 

The  lKhl3L  steel  Is  used  for  parts  with  high  plasticity  which  are 
subject  to  Impact  loads  (turbine  blades,  hydraulic  press  valves,  crack¬ 
ing  plemt  fittings,  household  articles),  and  also  for  parts  subject  to 
the  action  of  relatively  mild  aggressive  media  (atmospheric  precipi¬ 
tates,  aqueous  solutions  of  salts,  organic  acids  at  room  temperature), 
and  for  parts  of  water  turbines,  marine  propellers.  The  2Ki:13L  steel  Is 
used  for  the  same  parts,  but  with  higher  hardness  (HB  220-250);  the  Kh- 
I7N3SL  steel  Is  used  for  turbine  and  compressor  blades  with  greater 
strength  sind  plasticity  than  those  made  from  the  lKhl3L  and  2Khl3L 
steels,  and  for  parts  operating  In  a  moist  air  medium  with  temperatures 
to  500®;  the  Khl3N3VPL  steel  is  used  for  the  same  parts  but  operating 
at  temperatures  up  to  550®. 

References:  Nekhendze,  Yu. A.,  Stal’noye  lit'ye  (Steel  Casting), 
Moscow,  1948;  Stal'noye  lit'ye  (Steel  Casting),  Handbook  for  Casting 
Production  Foremen,  edited  by  N. P.  Dubinin,  Moscow,  1961. 

N. M.  Tuchkevlch 


688 


I-89v 


CAST  TUNGSTEN  -  see  Tungsten  Alloys. 
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CELLULOSE  ACETATE  AND  CELLULOSE  ACETOBUTYRATE  PLASTICS  -  see  Plac 
tics  based  on  cellulose  esters. 


•Elw 


CELLULOSE  ESTER  ADHESIVE  -  is  a  solution  of  cellulose  esters, 
mainly  nitrocellulose,  in  organic  solvents.  Cellulose  ester  adhesives 
are  used  to  Join  fabrics  and  certain  grades  of  leather  substitutes.  Itie 
adhesive  grade  AK-20  (  a  mixture  of  nitrocellulose  and  colophony  ester 
in  the  RDV  solvent  )  dries  within  8  hours  at  normal  temperature.  Uie 
strength  of  a  joint  of  fabric  with  wood  (in  the  peel  test)  is  not  less 
than  60  kg/m.  The  shelf  life  of  the  glue  is  1  year. 

D.A.  Kardashev 
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CELLULOSE  HYDRATE  ARTIFICIAL  FIBER  —  fibers  from  wood  or  cotton 
cellulose:  viscose,  cuprajanonlum  (from  regenerated  cellulose).  They  are 
produced  in  the  form  of  filament  thread  or  infinite  length,  staple  fi¬ 
ber  and  also  as  strips,  bristles,  sponges  and  straws.  More  than  90^  of 
the  entire  output  of  cellulose  hydrate  fibers  is  comprised  of  viscose 
fibers. 

G.G.  Finger 
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CEMENTING  OP  GLASS,  CERAMICS,  PORLELAIN,  AND  ASBESTOS.  Inorganic 
materials  are  usually  bonded  with  glues  and  cements  of  Inorganic  ori¬ 
gin,  which  ensure  heat-resistant  Joints.  Liquid  glass  containing  vari¬ 
ous  mineral  fillers,  mixtures  of  magnesium  chloride  and  magnesium  ox¬ 
ide,  litharge-glycerin  amalgums.  Iron  and  sulfur  cements,  etc.  are 
most  frequently  employed  as  cements.  Epoxy,  type  BP,  polyurethane, 
and  certain  other  polymer  glues  can  also  be  employed  for  bonding  glass, 
ceramics,  porcelain,  asbestos,  asbestos-cement  materials,  etc.  Phenol- 
caoutchouc  glues  and  compositions  containing  sillcoorganlc  compounds 
are  used  for  cementing  flberglas  heat-lnsulatlng  materials.  Silicate 
glass  Is  joined  with  liquid  and  film  adhesives.  Polyvlnylbutyrl  films 
and  films  consisting  of  polymerized  methacryllc  and  acrylic  esters, 
polyvinylacetate,  polylsobutylene,  and  unsaturated  polyesterlc  copoly¬ 
mers  based  on  maleic  or  fumarlc  acid  and  styrene,  etc.  are  used  when 
the  cemented  Joints  (seams)  must  be  transparent,  as  in  the  manufacture 
of  triplex  automobile  safety  glass.  In  most  cases  liquid  and  film 
glues  contain  plasticizers  (phthalates,  sebaclnates,  etc.).  If  seam 
transparency  Is  not  obligatory  slllcate-glass  products  can  be  bonded 
to  nonmetalllc  and  metallic  materials  with  epoxy  and  polyurethane 
glues.  Joint  strength  Is  Increased  by  roughening  the  surfaces  to  be 
cemented- 

D.  A.  Kardashev 
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CSfBITINO  OP  M£TAI£.  Use  of  cemented  Joints  in  metal  aosemblaces 
permits  reliable,  strong,  simple  bonding  of  different  metals  of  vary¬ 
ing  thickness;  It  eliminates  the  need  to  drill  holes  and  the  danger  of 
concentration  of  stresses  around  rivets,  bolts,  cr  spot  welds,  since 
a  cemented  Joint  distributes  the  load  uniformly  over  the  entire  Jclnt 
area;  Individual  portions  of  the  assembly  do  not  "bulge"  (a  character¬ 
istic  of  welded  Joints  resulting  from  the  change  In  the  properties  of 
the  metal  In  the  vlclnrlty  of  tl  -..sld).  Cemented  joints  preveiit  corx'o- 
slon  phenomena,  create  hermetlclty,  do  not  require  additional  sealing, 
reduce  the  weight  of  the  assembly,  and  permit  use  of  rather  thin  r.etals. 
Cementing  Is  effective  when  It  Is  necessary  to  provide  tlitmai  and 
sometimes  electrical  Insulation.  Cemented  Joints  are  stronger  than  ri- 
vlted  welded  Joints  at  moderate  temperatures,  under  vibration  leads, 
and  when  the  metal  Is  thin.  The  drawbacks  of  cementing  Include  the  ccr- 
paratively  low  heat  resistance  of  Joints  m^ade  with  organic  glues,  a 
tendency  to  age  with  time,  the  lack  of  a  simple,  reliable  rsethod  for 
checking  Joint  quality,  and  the  necessity  of  heating  the  components  to 
be  joined  in  most  cases;  m*oreover,  cemented  Joints  have  low  utrerigth 
under  nonunlfonr.  tension.  Before  application  of  the  glue  the  surface 
of  the  metals  Is  cleaned  of  various  contamilnants ,  especially  oil  and 
grease.  The  8ti*erigth  of  a  o«r.ented  Joint  Is  Increased  by  rorr;ir.g  an 
oxide  film  on  the  surface  of  the  m.etal.  It  Is  recommendeo  that  stalr.- 
less-steel  components  be  subjected  to  chemical  pickling. 

Liquid  glues  are  most  frequently  used  for  Joining  m.ctals,  being 
applied  to  the  surfaces  to  be  cemented  with  a  brush,  by  spraying  (when 
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cementing  large  flat  or  curved  surfaces),  with  glue  rollfrs,  or  by  Ifn- 
mersing  the  components  in  the  flue.  Film  glues  are  widely  used  for  ce¬ 
menting  flat  or  slightly  curved  surfaces,  first  applying  an  underlayer 
of  the  same  glue.  The  thickness  of  the  glued  "'ayer,  0.03-0.25  fnm,  can 
in  practice  vary  from  0.01  to  ^.75  mm.  The  solvent,  whose  presence 
leads  to  formation  of  a  low-strength  porous  seam,  Is  removed  by  so- 
called  open  holding  without  heating  or  at  elevated  temperatures.  Vari¬ 
ous  methods  are  used  for  heating  and  for  creating  pressure  during  set¬ 
ting  In  cementing  metal  assemblages.  The  choice  of  a  method  Is  dicta¬ 
ted  by  the  size  and  shape  of  the  components  and  the  technological  char¬ 
acteristics  of  the  glue.  Pressure  is  exerted  on  the  cemented  Joint  with 
screw  clamps,  spring  clamps,  bolts,  vacuum  devices,  or  special  presses. 
Rubber  bags  and  various  types  of  autoclaves  are  used  for  cementing  by 
the  vacuum  method.  Plat-bed  presses  with  various  press  forrris  are  uced 
in  the  mass  production  of  flat  components  or  components  with  a  slight 
curvature.  The  tem.perature  of  the  metal  surfaces  to  be  Joined,  the 
press  plates,  the  press  forr-iS,  etc.  is  determined  with  pyrometers,  ther¬ 
mometers,  paints  sensitive  to  changes  in  temperature,  etc. 

Glues  are  becoming  more  and  m.ore  im.portant  in  the  m,anufacture  of 
three-layer  assemblages  of  the  '’Sandwich"  type,  whlcli  consist  of  two 
and  a  core.  Plastic  foam,  cellular  materials  of  thin  m.etal  (foil), 
paper,  plastics  (e.g.,  glass  textollte),  wood,  etc.  are  used  for  the 
core.  Aluminum  sheets  from  0.3  to  1.6  mm  thick  serve  as  the  facing  ma¬ 
terial.  Steel  is  employed  if  nigh  mechanical  strength,  heat  resistance, 
and  abrasion  resistance  are  required.  The  combination  of  a  llght-flller 
core  and  facings  creates  a  strong,  light  asatMcMage  suitable  for  uae 
In  the  manufactur  of  automobile  and  railroad-car  bodies.  In  residen¬ 
tial  construct  Ion,  In  the  furniture  Industry,  and  In  other  areas  of  the 
r.atlonal  economy.  Panels  with  a  honeycomb  filler  consisting  of  glued 
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3lx-slded  cellc  are  most  widely  used. 


D.A.  Kardashev 


696 


CBMENTING  OF  PLASTICS.  The  ccTcction  of  a  glue  for  plactlcc  de¬ 
pends  to  a  cons idcra Die  extent  on  the  chemical  character  of  the  mater¬ 
ial  to  be  cemented,  the  conditionc  under  v/hich  the  Joint  must  function, 
and  the  technological  characteristics  of  the  cementing  process.  Vir¬ 
tually  all  plastics  can  be  cemented  v/ith  polyurethane  (PU-2),  polyepo/y, 
or  dimethylvinylethinylcarblnol  glues.  Cold-set  glued  Joints  are  not 
sufficiently  strong  under  operational  conditions,  especially  at  eleva¬ 
ted  temperatures  or  when  exposed  to  the  v/eather.  Heat  setting  makes  it 
possible  to  extend  the  range  of  glues  to  phenol-polyvinylacetate  corr.- 
positlons  (BF,  VS-IOT,  VS-350,  etc.)  and  to  produce  reliable  Joints. 

In  addition  to  pure  solvents,  it  is  possible  to  utilize  solutions  of 
adhesive  polymers  in  such  solvents,  v/hich  ensures  unifonn  Joints.  The 
surfaces  to  be  cemented  should  be  clean  and  dry  and  should  fit  tightly 
against  one  another.  The  glue  is  applied  v;lth  a  brush,  by  immersion  of 
the  component,  and  by  other  methods.  After  the  glue  has  been  applied 
the  components  are  held  under  pressure  until  the  Joint  has  set  and 
then  machined  and  finished. 

Plastics  based  on  thermoplastic  resins,  particularly  polymers  of 
polyvinylchloride,  styrene,  acrylic  and  methacryllc  esters,  etc.  are 
readily  cemented  without  heating,  using  appropriate  solvents  or  glues, 
which  are  solutions  of  linear  polar  polymers  in  solvents  or  in  mono¬ 
mers.  Polyisobutylene  is  bonded  to  metals  with  glue  No.  8  (a  solution 
of  thermoprene  in  monomeric  styrene).  Polyethylene,  which  is  among  the 
so-called  inert  materials  and  is  difficult  to  cement,  is  Joined  with 
special  glues  having  high  adhesive  characteristics;  these  glues  are 

697 


III-43S1 


solutions  of  polymers  In  solvents  which  cause  distension  of  polyethyl¬ 
ene.  The  surface  of  the  polyethylene  Is  treated  with  a  solution  of 
synthetic  rubber  or  a  thennoplastlc  resin  In  carbontetrachlorlde,  tri¬ 
chloroethylene,  benzene,  or  toluol  at  60“.  After  such  treatment  the 
polyethylene  can  be  bonded  with  phenol-caoutchouc,  resorcin-formalde¬ 
hyde,  and  other  glues  whose  setting  temperature  is  below  the  softening 
t  iperature  of  the  plastic.  When  epoxy,  polyurethane,  or  nethacrylic 
glues  are  used  the  polyethylene  is  treated  with  chromic  acid  at  120° 
for  1-2  sec  before  cementing.  Polypropylene  (as  well  as  polyethylene) 
can  be  bonded  with  epoxy-poly sulphide  glues.  Fluoroorganic  polymers 
(like  polyethylene)  are  cemented  with  special-  or  general-purpose  glues, 
but  active  functional  groups  must  first  be  generated  at  the  surface  of 
the  polymer.  Inert  polymers  (polytetrafluoroethylene  and  polytrif luoro- 
chloroethylene  and  its  copolymers)  are  bonded  with  glues  consisting  of 
fluoroorganic  polymers  dissolved  in  organic  solvents  and  containing 
activating  additives.  Glued  Joints  in  fluoroorganic  polymers  are  of 
low  strength.  The  simplest  and  most  effective  method  is  that  based  on 
exposure  of  the  surface  of  f luoropolymer  to  a  solution  of  metallic  so¬ 
dium  In  a  mixture  of  napththylene  and  tetrahydrof urane.  A  teflon  joint 
bonded  by  this  method  with  an  epoxy  glue  has  a  tensile  strength  of  10- 
120  kg/cm  and  a  sheer  strength  of  110  kg/cm  .  Cemented  seams  made  In 
fluoroplasts  by  the  aforementioned  methods  have  a  lower  chemical  sta- 
b'’.lity  than  the  plastics  themselves,  which  considerable  reduces  joint 
quality.  Fluroorganlc  plastics  are  made  adhesive  by  irradiation,  usual¬ 
ly  with  cobalt  60.  The  surface  thus  becomes  adhesive  without  any  change 
In  color.  On  plasticized  polyvinylchloride  is  bonded  with  solutions  of 
polyvinylchloride  or  additionally  chlorinated  polyvinylchloride  In  or¬ 
ganic  solvents  (dlchloroethane,  trichloroethylene,  methylene  chloride, 
etc.).  Adhesives  based  on  caoutchouc  or  polyvinylchloride  and  solutions 
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of  caoutchouc  and  certain  vinyl  polymers  in  organic  solvents  art  used 
for  cementing  plasticized  polyvinylchloride,  particularly  various  decor¬ 
ative  and  facing  materials  of  this  type.  In  this  case  it  is  important 
to  select  a  glue  which  will  not  permit  the  plasticizer  from  the  poly¬ 
mer  to  be  Joined  to  penetrate  Into  the  glue  layer.  The  principal  diffi¬ 
culty  In  cementing  organic  glass  lies  in  its  sensitivity  to  organic 
solvents,  which  cause  fomatlon  of  microcracks  in  the  so-called  silver¬ 
ing  on  its  surface.  There  is  a  process  for  bonding  organic  glass  with 
a  2-5^  solution  of  this  material  in  dlchloroethane. 

Organic  glass  can  also  be  cemented  with  solutions  of  polymethyl- 
methacrolate  In  monomeric  methylmethacrolate,  glacial  acetic  acid,  for¬ 
mic  acid,  chloroform,  dlchloroethylene,  etc.  Bonding  organic  glass 
with  heat-set  methylolpolyam.lde  glue  (PPE-2/lO)  or  VK-32-70  glue  pro¬ 
duces  a  high-strength  Joint. 

Polyurethane,  polyepoxy,  phenol-polyvlnylacetate,  and  carbonol 
glues  and  phenolic,  polyetherlc,  and  other  adhesives  are  used  for  bond¬ 
ing  thermoreactlve  plastics.  The  usual  technique  is  employed  for  cement¬ 
ing  these  materials.  The  surfaces  to  be  Joined  should  be  roughened  for 
phenol-formaldehyde  and  other  resin-based  laminated  materials. 

If  the  glue  contains  a  solvent  the  glue-coated  components  are  sub¬ 
jected  to  open  holding  before  Joining  in  order  to  permit  rapid  evapor¬ 
ation  of  the  solvent  from  the  Joint. 

BP-2  glue  is  suitable  for  bonding  textollte,  glass  textolite, 
laminated  ligneous  plastics,  and  combinations  of  these  materials,  two 
coats  being  applied  to  the  materials  to  be  Joined.  The  glue-coated  com¬ 
ponents  are  approximated  and  placed  under  pressure  in  a  vice  (or  press) 
equipped  with  a  contact  or  other  heater.  The  pressing  pressure  amounts 

O 

to  5-20  kg/cm  .  The  maximum  pressure  Is  used  for  Joining  components 
with  complex  shapes.  The  time  for  which  the  workpiece  is  kept  under 
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pressure  varies  with  t«nperature,  usually  !j0-C0  tnln  at  120-12{5°, 

25-30  min  at  130-135%  and  20-25  rfiln  at  136-l40^ 

Textolite.  ligneous  plastics,  and  combinations  of  these  materials 
are  joined  to  one  another  and  to  various  foam  plastics  (Pii-1,  PKhV-1, 
PK-20,  etc,),  wood,  and  plywood  with  VIAM  B-3,  KB-3,  and  other  phenol- 
formaldehyde  glues  that  are  set  with  acid  hardeners  (Petrov  contact). 


D.A.  Kardashev 
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CEMEMTING  OF  RUBBER  AND  RUBBER  PRODUCTS.  Unvulcanized  nitrile- 
based  rubbers  and  rubberized  fabrics  are  joined  to  unvuxcanized  and 
vulcanized  nitrile  rubbers  with  NS-30  rubber  cement.  The  surfaces  to 
be  joined  are  wiped  with  a  clean  cloth,  wetted  with  "Kalosh"  gasoline, 
and  given  two  coats  of  glue.  Each  coat  Is  dried  for  5-15  at  20-30° 
or  5-10  min  at  30-45°.  The  cementing  temperature  should  not  be  belov/ 
23°.  After  cementing  the  components  are  held  at  room  temperature  for 
8  hr  and  then  vulcanized.  The  relative  humidity  of  the  room  In  which 
cementing  is  carried  out  should  be  65-75^*  The  process  by  which  unvul- 
canlzed  nitrile-based  rubbers  and  rubberized  fabrics  are  joined  to  un- 
vulcanlzed  chloroprene-based  rubbers  and  rubberized  fabrics  is  similar 
to  that  described  above;  however,  each  coat  of  cement  Is  dried  for  5- 
10  min  at  23-30°  and  3-7  min  at  30-45°.  Before  use  the  cement  Is  thin¬ 
ned  with  appropriate  solvents  to  the  required  viscosity.  Vulcanized 
rubbers  and  rubberized  fabrics  based  on  natural,  chloroprene,  nitrile, 
and  sodium-butadiene  gums  are  bonded  with  4n  cement  by  cold  setting, 
without  vulcanization.  Before  use  the  cement  Is  diluted  with  benzene 
to  a  viscosity  of  30  sec,  as  determined  with  the  VZ-1  apparatus.  The 
surfaces  to  be  joined  are  cleaned  and  given  two  coats  of  cement.  Each 
coat  Is  dried  for  15-30  min  at  18-30°  or  IO-15  min  at  30-45°.  The  sur¬ 
faces  are  then  approximated  and  rolled  with  a  metal  roller.  The  work- 
piece  is  then  held  for  16  hr  at  a  temperature  of  not  less  than  18°.  Un- 
vulcanlzed  materials  can  also  be  bonded  with  4N  cement  when  subsequent 
vulcanization  Is  employed. 

D.  A.  Kardashev 


701 


III-41B 


CEMENTING  OF  WOOD  AND  PAPER  MATERIALS.  Various  types  of  wood  and 
ligneous  plastics  are  cemented  with  synthetic  glues  (based  chiefly  on 
phenolic  and  carbonized  resins),  which  produce  Joints  resistant  to  wa¬ 
ter  and  microorganisms  and  considerably  stronger  than  those  made  with 
gelatin  and  casein  glues.  Wood  materials  to  be  cemented  with  synthetic 
glues  should  have  a  moisture  content  of  no  more  than  l4-l6^,  since 
greater  moisture  causes  the  wood  to  be  deformed  and  reduces  the  adhe¬ 
sive  power  of  synthetic  resins  applied  to  it.  The  wood  Is  dried  before 
cementing.  The  surfaces  of  the  components  to  be  glued  should  fit  tight¬ 
ly  together  (a  deviation  of  no  more  than  0.5  mm  from  true  parallelness 
Is  permissible).  Components  fabricated  from  laminated  ligneous  plas¬ 
tics  should  have  a  unlfomly  roughened  surface  for  cementing.  The 
glossy,  lustrous  surface  of  plywood  and  those  areas  to  which  the  glue 
will  penetrate  are  cleaned  with  a  scraper  or  polished  with  emery  paper 
and  the  sawdust  Is  removed.  The  glue-ready  workpieces  are  stored  at  the 
appropriate  air  temperature  and  humidity  In  a  dust-free  room.  The  glue 
Is  applied  to  one  or  both  of  the  surfaces  to  be  joined,  depending  on 
the  cementing  conditions.  Both  surfaces  are  usually  coated  when  phenol- 

formaldehyde  glues,  which  are  Intensively  absorbed  by  wood,  are  employ- 

2 

ed;  hardwoods  are  an  exception.  A  total  of  I8O-25O  g/m  of  glue  Is  re- 
qulred  to  coat  one  surface  and  250-340  g/m  to  coat  two  surfaces. 

After  the  glue  has  been  applied  the  components  should  be  permit¬ 
ted  to  stand  before  assembly;  the  holding  time  (open  Impregnation)  for 
KB-3  and  VIAM  B-3  phenolic  glues  Is  4-15  min.  The  Impregnation  time  de¬ 
pends  on  the  air  temperature  In  the  room;  the  higher  the  temperature, 
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the  shorter  the  holding  time.  The  surfaces  to  be  cernented  arc  approxlrna' 

ted  under  pressure.  When  cementing  components  of  coniferous  and  light 

deciduous  woods  with  phenolic  glues  the  pressure  should  be  2-3  kg/crn  , 

while  that  for  hard  deciduous  woods  (ash,  oak,  etc.  )  should  be  3-4  kg/ 

/mm  ;  when  gluing  birch  veneer  to  wood  components  th^‘  pressure  should 
2 

be  2-3  kg/cm  ,  while  when  gluing  it  to  components  of  laminated  ligneous 

2 

plastics  a  pressure  of  4-5  kg/cm  is  used.  A  high  pressure  is  necessary 

2 

for  cementing  ligneous  plastics  (up  to  4-5  kg/cm  )  or  when  cementing 

2 

and  bending  are  carried  out  simultaneously  (5-6  kg/cm  ).  Cementing  and 

2 

veneering  of  curved  articles  at  pressures  of  up  to  1  kg/cm  can  be  con¬ 
ducted  by  the  vacuum  method,  which  permits  precise  regulation  of  the 
pressure  and  ensures  rapid  pressing.  Clamps  of  various  types  are  also 
used  to  create  pressure  on  the  glued  Joint.  The  time  for  which  the  ce¬ 
mented  components  are  kept  under  pressure  depends  on  the  rate  at  which 
the  glue  sets,  the  air  temperature,  the  temperature  of  the  compon<=“rts 
to  be  cemented,  and  the  nature  of  the  materials  to  be  Joined. 

Cementing  is  accelerated  by  heating.  Electric  contact  or  reflec¬ 
tor  heaters,  drying  chambers,  warm  air,  high-frequency  currents,  and 
Infrared  radiation  are  used  for  this  purpose. 

When  using  synthetic  glues,  particularly  those  of  the  phenol-for¬ 
maldehyde  type,  the  cementing  temperature  should  be  50-60°  and  must 
be  raised  gradually. 

Cementing  of  wood  with  synthetic  glues  is  employed  in  the  manufac¬ 
ture  of  furniture,  plywood,  and  ligneous  plastics,  in  the  production  of 
glued  wood  assemblages  for  various  branches  of  the  construction  indus¬ 
try,  and  in  everyday  life.  Wood  is  usually  cemented  to  other  nonmetal- 
11c  materials  with  phenol-formaldehyde,  carbamide,  and  mixed  urea-mela- 
mine-formaldehyde  glues,  as  well  as  with  compositions  of  resorcin  and 
phenol-resorcin  resins.  Polyurethane  and  polyepoxy  glues  are  employed 
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considerably  less  frequently,  primarily  for  Joining  wood  materia];;  to 
metals.  Phenol-formaldehyde  and  resorcin  glues  arc  the  strongest  and 
most  water-resistant j  they  are  used  chiefly  in  the  manufacture  of  crit¬ 
ical  components  for  various  branches  of  the  national  economy  and  in 
the  production  of  laminated  ligneous  plastics.  Carbamide  glues,  the 
most  common  of  which  is  MP-17,  are  used  principally  in  the  furniture 
Industry  and  the  manufacture  of  plywood.  Glues  of  vegetable  and  animal 
origin  and  various  adhesives  based  on  sodium  silicate  are  suitable  for 
cementing  paper,  cardboard,  and  other  sheet  cellulose  materials.  Syn¬ 
thetic  glues  are  employed  primarily  in  the  production  of  cellular  pa¬ 
per  materials  and  In  the  polygraphic  Industry. 

D.  A.  Kardashev 


CEMENTITE  -  Is  a  structural  component  of  the  iron-carbide  alloys 
an  iron  carbide  with  the  chemical  formula  Fe^C.  Cementlte  Iz  one  of 
the  metastable  phases  in  the  FE-C  system,  it  possesses  a  high  hardness 

O 

(HB  =  higher  than  700  kg/mm  )  and  brittleness.  The  melting  point  Ic 
1600®,  the  crystal  lattice  is  orthorhombic,  each  carbon  ion  being  sur¬ 
rounded  by  six  iron  ions  which  are  almost  equidistant  from  the  carbon 
ion. 


M.L.  Bernshteyn 


CERACEOUS  EdELECTRICS  -  solid,  low -melting -temperature  crystalline 
substances  which  are  white  or  light-yellow  in  color,  and  have  low  mech¬ 
anical  strength,  electrical  properties  and  low  hygroscoplclty.  Cera- 
ceous  dielectrics  are  used  as  impregnating  of  pour-on  electric  insula¬ 
tion  compounds.  They  have  a  substemtlal  solidification  shrinkage,  as  a 
result  of  which  air  Inclusions  appear  In  the  article  being  impregna¬ 
ted,  which  sharply  reduces  the  breakdown  voltages  of  the  Insujatlon. 
ey  the  degree  of  polarization  ceraceous  dielectrics  are  divided  Into 
three  groups;  1)  nonpolar  (paraffin,  ceresln,  synthetic  paraffin  and 
ceresln,  petroleum  Jelly);  2)  weakly  polar  (ozocerite,  beeswax,  cEucnau- 
ba  wax,  montan  wax,  Japan  wax,  etc.  );  3)  polar  (halide  wauc,  oleowax). 

Paraffin  (GOST  784-53)  Is  a  mixture  of  solid  saturated  hydrocar¬ 
bons,  contained  In  petroleum.  Paraffin  Is  soluble  in  benzol,  mineral 
oils,  gasoline,  carbon  sulfide,  ethyl  ether,  and  when  heated  also  In 
vegetable  oils;  It  Is  not  soluble  In  alcohol  or  water.  Paraffin  Is 
practically  not  hygroscopic.  Paraffin  grades  are  differentiated  by  the 
melting  temperature.  Paraffin  used  In  electric  Insulation  equipment  with 
Tp^  of  51-55“  is  used  for  Impregnation  of  telephone -type  low-voltage 
capacitors,  the  operating  temperature  of  which  does  not  exceed  45°,  In 
cable  production  paraffin  Is  used  in  a  mixture  with  ozocerite,  poly¬ 
ethylene,  rosin,  etc. ,  for  Impregnation  of  Insulation  components  made 
from  wood,  electric  caI^3boa^d,  etc.  The  main  p^iyslcochemicai  properties 
of  p-iTai'fln  are:  specific  gravity  0.85-0.90;  Zhukov  t^^  49-5^®;  thermal 
expansion  coefficient  0.0011-0.0035  degree”^,  specific  volume  resistivi¬ 
ty  (py)  lO^^-lO^^  o'lm-cm,  specific  surface  resistivity  (pg)  lO^^-lO^^ 
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ohms,  dielectric  permittivity  (e)  1.9-2«2#  tangent  of  dielectric  losses 
angle  (arctan  6  (3~7)*10“^,  electric  strength  (K  „)  20-30  kv/nm. 

pr 

Ceresin  (GOST  2488-47)  is  a  mixture  of  solid  hydrocarbons  which  are 
obtained  from  ozocerite,  tp^  65-70*.  Ceresin  has  a  better  resistance 
to  oxidation  than  paraffin;  it  is  used  for  Impregnation  of  nonhermetl- 
zed  radio  and  metal-paper  capacitors,  in  the  production  of  mica  capa¬ 
citors,  in  cable  production  as  a  softener  of  rubber  mixtures,  for  Im- 
pregantlon  of  flbreous  insulation  of  telephone  cables. 

Synthetic  paraffin  and  ceresin  are  high-molecular  hydrocarbons 
which  are  obtained  as  byproducts  in  the  production  of  synthetic  gaso¬ 
line  and  oils;  by  their  electrical  properties  they  are  close  to  natural 
paraffin  and  ceresin,  tpj^  100-130°. 

Petroleum  jelly  (GOST  5774-51)  is  a  semi -liquid  mass,  a  mixture  of 

liquid  and  solid  hydrocarbons  which  is  obtained  from  petroleum  and  Is 

Main  Physicochemical  and 
Electrical  Properties  of 
Ceresin 
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i)  Brand;  2)  dr jp  point  temperature;  3)  Richardson  penetration  at  25° 
and  a  load  of  100  g  (wa,  not  more  than);  4)  content  of  mechanical  ad¬ 
mixtures  for  all  brands  {%,  not  more  than);  5)  ash  content  {%,  not  more 
than);  6)  acid  number  (mllllg  KOH/g,  t  more  than);  7)  specific  vol¬ 
ume  resistivity  (ohm-cm);  3)  dielectric  permittivity;  9)  tangent  of  di¬ 
electric  losses  angle  at  3000  keps  and  40°;  10)  arc  resistance  (sec); 
11)  electric  strength  (kv/itm). 

used  for  Impregnation  of  radio  capacitors.  ITje  main  physlocheml cal  and 
electrical  properties  cf  capacitor  p*-‘trcleuir>  Jelly  are:  kinematic  vis- 
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coslty  at  60”  not  less  than  28  centlstokes,  drop  point  temperature  not 
lower  than  37°#  acid  number  not  higher  than  0.004  milligrams  KOH/g, 
ash  content  not  above  0.004$^,  not  less  than  5*10^^  ohm-cm  at  20®  and 
5*10^^  at  100®;  E  at  50  cps  and  20®  not  less  than  20  kv/mm,  arctan  6 

Jr  ^ 

0.0002  at  20®,  0.002  at  100®. 

Waxes  are  a  group  of  substances  which  is  composed  of  various  com¬ 
plex  esters,  hydrocarbons,  and  other  organic  compounds.  The  character¬ 
istic  smell  of  wax  is  due  primarily  to  the  presence  of  esters  of  acetic 
butyric  and  valeric  acids,  as  well  as  liquid  unsaturated  acids  and  al¬ 
cohols  of  the  cholesterol  groups.  Waxes  are  divided  into  mineral,  ani¬ 
mal,  vegetable,  synthetic  and  artificial.  Mineral  waxes  include:  ozocer 
Ite,  montan  wax,  peat  wax,  sapropelic  wax,  baykerit,  balkhashlte.  Ani¬ 
mal  origin  waxes  are  divided  into  liquid  and  solid.  The  main  component 
of  vegetable  waxes  are  cortplex  esters  of  high-molecular  acids  and  of 

Physicochemical  and  Electrical  Properties 
of  Certain  Wsixes 
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1)  Chaj?act eristic;  2)  beeswax;  3)  carnauba  wax;  4)  ontan  wax;  5)  sped 
fic  gravity;  6)  melting  temperature  (®C);  7)  solidification  temperature 
(®C);  8)  refraction  index  at  75°;  9)  acid  number  (milllg  KOH/g);  lO) 
HUbl  iodine  number;  ll)  dielectric  permittivity;  12)  tangent  of  dielec¬ 
tric  losses  angle  at  15°  and  100  cps;  13)  electric  strength  at  20°  (kv/ 
mm). 
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monatomic  alcohols.  The  most  extensively  prevailing  vegetable  waixes  are; 
carnauba,  gondang,  candelilla^  flax  and  palm  [waxes]. 

Halite  wax  is  the  product  of  chlorination  of  naphthalene,  by  its 
chemical  composition  it  is  a  mixture  of  trl-  and  tetrachloronaphthalenes. 
It  dissolves  well  in  aromatic  hydrocarbcns  and  in  gasoline,  it  is  not 
soluble  in  water  and  alcohol.  The  properties  of  halite  wax  are  substan¬ 
tially  affected  by  the  refining.  The  main  advantages  of  halite  wax  over 
paraffin  and  ceresln  are  Its  high  melting  temperature,  high  dielectric 
permittivity  and  incombustibility.  A  shortcoming  of  halite  wax  is  its 
toxicity;  its  vapor  acts  on  the  mucous  membrane  for  which  reason  the 
use  of  halite  wax  in  the  Industry  is  limited.  The  main  physical,  chemi¬ 
cal  and  electrical  properties  of  halite  wax  are:  specific  gravity  at 
20“  1. 55-1.7,  tp^  in  a  capillary  110-130“,  volatility  at  135“  not  above 
2.5/^j  acid  number  not  higher  than  0.01  mllllg  KOH/g,  iron  content  not 
higher  than  0.01$^,  shrinkage  when  cooled  from  100“  to  15'*  1.4-2. 5/^,  ash 
content  not  above  0.02^^  specific  heat  at  l8°  0,202  cal/g-degree,  la¬ 
tent  melting  heat  19.6  cal/g,  specific  volume  resistivity  (p^)  10^^- 
10^^  ohm-cm,  dielectric  permittivity  (e)  4. 5-5*5^  tangent  of  dielectric 
Iccses  ar.xe  /aroL.rr  more  the.'"  "I'^ctrlc 

strength  (Ep^,)  at  20“  8-10  kv/mm. 

Oleowax  (opal  wax)  ~  is  a  product  of  hydrogenation  of  castor  oil, 
is  Insoluble  in  ordinary  organic  solents,  combines  poorly  with  paraffin, 
better  with  ceresln,  ozocerite,  montaui  wax,  carnauba  wax  and  other  re¬ 
sins.  Due  to  its  high  dielectric  permittivity  (in  comparison  with  non¬ 
polar  and  weakly  polar  ceraceous  dielectrics)  impregnation  by  oleowax 
yields  a  greater  Increase  in  the  capacitor  capacities,  however,  the  ca¬ 
pacity  of  such  capacitors  is  highly  dependent  on  the  temperature  and 
frequency.  Oleowax  has  not  come  into  extensive  use  in  electrical  insula¬ 
tion  equipment. 
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[List  of  Transliterated  Symbols] 

FOOT  «  GOST  =  Oosudarstvennyy  obshchesoyuznyy  standart  =  All 
Union  State  Standard 

np  =  pr  «=  prochnost'  =  strength 

nji  =  plavlenlye  =  melting 
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CERAMIC  COATING  OF  MOLYBDENUM  —  see  Protective  Coatincs  of 


Molybdenum. 
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CERAMIC  COATINGS  -  are  thin  ceramic  films  put  on  metallic  or 
other  surfaces  In  order  to  Improve  their  chemical,  thermal  and  mechani¬ 
cal  stability.  The  ceramic  coatings  are  subdivided  into  high-  and  low- 
temperature  coatings.  The  former  are  used  in  those  fields  of  engineer¬ 
ing  where  the  temperatures  of  the  processes  surpass  the  fireproofness 
of  special  steels  and  alleys  (600-800°);  the  latter  serve  to  protect 
aluminum  and  magiiesium  parts.  The  c-.ating  protects  the  metal  from  oxi¬ 
dation  and,  being  less  heat  conductant,  it  acts  partially  as  a  heat 
insulator  of  the  metal,  whose  properties  depend  not  only  on  the  thick¬ 
ness  and  heat  conductivity  of  the  pro-cective  coating  but  also  on  the 
presence  of  components  with  a  low  radiation  emlsslvity  in  them. 

Ceramic  coatings  are  usually  obtained  by  enameling,  fire-spraying, 
and  also  sometimes  by  means  of  binders,  avoiding  a  foregoing  firing. 
Anorganic  and  organic  glues  are  used  in  the  latter  case.  Al  first,  the 
grease  is  removed  from  the  metal  surface,  the  latter  is  then  pickled, 
treated  by  sandblasting  and  plated  with  nickel.  The  coating  is  put  on 
by  spraying  of  a  suspension  (slip)  or  by  dipping  into  it;  the  object  is 
then  dried  and  fired.  The  firing  temperature  is  820-870°  for  fireproof 
steels.  The  thickness  of  the  coating  is  0. 1-0. 05  mm;  a  thickener  layer 
has  a  lower  heat  endurance  and  is  readily  scaled  off.  A  refractory 
coating  containing  about  185^  aliunina  gives  good  results.  Enamels  of  the 
following  compositions  (in  %  hy  weight):  49.2  Si02;  17.4  B^O^;  7.7  AlgO 
2.9  CaO;  4.5  K2O;  15.2  Na20;  1.4  MnOgj  0.7  NIO;  0.6  CoO;  and  0.4  P2, 
are  used  as  a  binder.  Ti02,  2r02,  CrgO^,  Fe^O^,  SiC,  Si02,  mulllte, 
feldspar  and  chromium  ore  are  added  as  refractories.  Application  of 
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electroD.ytically  produced  corunduri  or  of  alumina  fired  at  a  hlf^h  tem¬ 
perature  rt.sultK  in  an  effervesrinc  luctreouo  protective  layer.  Knamel 
slip  contains  (in  parte  ty  weight);  100  frit  of  the  above-mentioned 
composition;  25  alumina;  10  clay;  1.0  CoO;  0. 05  crystalline  citric 
acid;  and  50  water.  Heat  endureuice  tests  by  immersion  into  water  of 
heated  specimens  of  usual  commercial  enamels  with  a  thickness  of  0. 12- 
0.18  mm,  and  of  enamels  containing  alumina  vrith  a  thickness  of  0.05  nrni, 
have  shown  that  the  former  are  destroyed  when  heated  to  550-600®,  the 
latter,  however,  are  not  destroyed  even  at  87O®.  An  alumina  containing 
enamel  coating  with  a  doubled  thickness  is  destroyed  at  65O®. 

The  vitreous  phase,  which  plays  the  part  of  a  temporary  binder, 
runs  out  at  elevated  temperature,  and  the  more  fireproof  component  re¬ 
main.'  in  the  coating.  It  is  recommended  to  conpose  for  these  purposes 
nonmiscible  phases  of  three-component  of  four-compr.nent.  sy'^tems,  as, 
for  example:  NagO* with  ZrO^,  TiOg,  ^^2^3  Al^O^.  A  composition 
containing  30-40^  IlagO,  30-40$^  TiOg  has  given  positive 

results.  The  radiation  emission  of  the  heated  metal  can  be  reduced  by 
ceramic  coatings.  The  visible  radiation  of  exhausts,  for  example,  which 
are  usually  red  hot,  can  be  reduced  by  90^  when  a  selection  of  appro¬ 
priate  components  (especially  zirconia  spinels)  is  put  on  them  by  means 
of  water  glass.  Ceramic  coatings  containing  boronsillcate  glass  and  a 
fireproof  filler  (AlgO^^  ^^^2*  ^  protect  molybdenum 

from  oxjdat.lon.  The  coating  Is  put  on  the  surface  of  the  molybdenum  emd 
fired  at  II80®  in  an  inert  atmosphere. 

The  application  of  ceramic  coatings  from  cermets  is  very  efficient 
The  metal  component  melts  cut  in  some  cases,  and  bhe  ceramic  coating 
remains  unchanged.  Coatings  of  this  type  are  put  in  the  cold  using  a  25 
solution  of  sodium  silicate  or  any  organic  glue.  The  metal  coated  on 
both  sides  with  a  0. 12  ram  thick  Ni-MgO  cermet  stands  a  long-time  heat- 
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Ing  at  15^0®  and  a  short-ttme  (3  min)  one  at  1730®.  rt  j'.vi,  prote':tod  Oy 
the  above-mentioned  manner,  stands  a  heatln(y  to  2770°  17  sec.  A 

smelt  of  the  appropriate  oxide  or  ceramic  material  is  put  on  the  metal 
surface  by  fire-sprayinc^.  This  method  of  coating  is  simple  and  permits 
the  use  of  the  most  diverse  materials  (oxides,  minerals,  cermets,  glass¬ 
es,  etc.  ).  It  is  necessary  in  the  case  of  fir-e-spraying  that  the  materi¬ 
al  melts  without  decomposition,  is  sprayed  into  drops,  and  does  not 
form  threads.  Ceramic  coatings  from  AlgO^,  ZrO^,  and  ZrCiO^  are  obtain¬ 
ed  by  means  of  an  acetylene-oxygeiie  burner  melting  and  spraying  ceramic 
rods  with  a  diameter  of  about  3  rnni  and  at  a  rate  of  127-270  mm/mln.  A 
pistol  of  special  design  with  an  air  pressure  of  about  7.u  kg/cm  is 
used  for  the  spraying.  The  molten  spherical  particles  are  projected  on 
the  surface  to  be  coated  at  a  distance  of  5-17  crn.  Colliding  with  the 
surface,  the  spherical  drops  become  flattened  and  solidified,  and  forma 
a  uniform  layer.  Alumina  with  a  content  of  98*6^  Al^O^  is  used  for 
AlgO^  coatings.  During  the  spraying  processes,  the  initial  a  alumina  is 
transformed  into  y  alumina.  The  formation  of  the  low- temperature  modi¬ 
fication  of  Al^O^  is  caused  by  the  quenching  of  the  smelt,  this  fact 
was  proved  by  x-ray  aiid^  1...  I..c  ^eramic  coating  has  a  laminar  struc¬ 
ture  and  a  thickness  of  about  12  microns.  The  density  of  the  coating  is 
3.60  g/cm.^.  The  total  porosity  is  7.6-9. 7^,  the  closed  porosity  is  0.3- 
2.Q%.  The  wei^t  by  volume  is  in  the  range  from  3.25  to  3.37  g/cm-”  and 
depends  on  the  distance  between  the  noztle  of  the  burner  and  the  surface 
to  be  coated,  on  the  angle  of  spraying,  the  air  pressure  and  the  flame 
temperature.  A  transformation  of  the  7  Al^O^  into  a  Al^O.^  occurs  when 
the  specimens  are  heated;  this  was  proved  by  the  coefficient  of  linear 
expansion  (a*lo’^):  30-3C0°-53;  30-6on°-66;  30-1200°-71,;  30-l48o°-73. 
Heating  of  specimens  to  1500°  changed  the  density  and  porosity;  before 
heating,  the  weight  by  volume  was  3.33  s/cm-^,  the  specific  gravity  was 

llii 


»,h*j  iata  of  tho 


v/ar  thtj  total  poronity  wao  after  heatlnr,, 

rame  characterlstico  were  3*9^j  anrj  14. 6;^;,  rer-.pectively. 

The  modulus  of  elasticity  of  specimens  of  the  coatinj^s  was  (0. 

*10^  K^/cm  ;  the  bending  strength  was  385-364  kg/cm  .  Rods  of  melted 
and  stabilized  ZrOg  are  used  for  ceramic  coatings  from  Zr02.  The  struc¬ 
ture  of  ceramic  coatings  from  ZrO^  is  similarly  laminated  as  the  Al^C, 

O 

coating.  The  density  of  the  coating  is  5*71  gA^-^.  The  weight  by  volume 
is  5*6  the  open  porosity  is  7%t  and  the  closed  1.9^.  The  heat 

expansion  of  a  ZrOg  coating  depends  on  the  heating  conditions.  The 
ceramic  coating  from  ZrSlO^^  becomes  dissociated  in  the  process  of  spray¬ 
ing  the  rod  in  the  flame.  A  vitreous  and  a  crystalline  phase  are  present 
in  the  coating.  The  lamination  of  the  coating  is  less  expressed  as  in 
the  case  of  ZrOg  coatings.  The  density  is  3*95  the  weight  by 

volume  is  3«79  gAin^>  the  open  porosity  is  4.1^,  and  the  closed  4,7^. 

The  ceramic  coating  cracks  when  heated,  but  it  maintains  its  shape; 

ZrOg  and  ZrSiO^^  are  found  in  it  by  x-ray  analysis.  During  the  fire¬ 
spraying  of  a  ceramic  coating  on  metal,  the  temperature  of  the  latter 
does  not  surpass  200®.  Coatings  from  Al^O^,  Zr02,  and  ZrSiO^  stand  for 
a  short  time  a  teraperat”re  of  l65O-24C0*  and  have  a  heat  conductivity 
of  1.0-2. ^6  kcal/m* hr* ®C.  Ceramic  coating  from  cermets  are  obtainable 
by  fire -spraying:  molybdenum  disiiicide  (MoSi2),  chromium  carbide  with 
nickel  or  without  it,  chromium-nickel  boride  (Cr2NiB;^),  tungsten  car- 
Dldes,  tungsten  borides,  etc.  Molybdenum  disiiicide,  in  particular,  is 
readily  sprayabie  on  graphite,  and  stable  to  oxidation  up  to  l600*. 
Molybdenum  coated  with  such  a  cerm.et  stands  a  heating  to  1500*  In  an 
oxidative  medium  for  several  hours.  Chromium  carbide  coatings  with 
nickel  or  without  it  are  very  resistant  to  abrasion  and  do  not  oxidize, 
Chraniiun  carbide  is  used  for  coating  of  valves,  turbine  blades,  etc. 
Ceramic  coating  from  chromium-nickel  boride  protects  steel  and  iron 


from  corrosion  In  an  aluminun:  melt;  it  has  a  very  high  r*  .at  endurance 
and  Is  therefore  used  to  protect  the  combustion  cr.ambers  of  rockets. 
Ceramic  coating  from  oxides  of  rare  earth  elements  may  perform  a  cata¬ 
lytic  function  in  the  process  of  combustion.  The  content  of  carb.n 
monoxide  and  unburned  hydrocarbons  in  the  exhaust  gases  of  internal- 
combustion  motors  is  considerably  reduced  when  the  pistons  and  cylinder 
heads  are  coated  with  such  a  ceramic  coating. 

IJ.  M.  Pavlushkin 


CERAMIC  FIBER  -  thin  th-reads  which  are  obtained  from  mjlten  m'^ner- 


als  or  synthetic  oxides  and  their  mixtures.  A  distinction  is  ma  [e  be¬ 
tween  long  (continuous)  and  short  (staple)  ceramic  fibers.  Yarns  and 
fabrics  (textile  fibers)  as  well  as  felt  and  wool  ( thermoinsulating 
fibers)  can  be  obtained  from  ceramic  fibers.  The  thickness  of  an  ele¬ 
mentary  fiber  is  3-20  microns  and  less.  Methods  of  obtaining  ceramic 
fibers  are  the  same  as  those  used  in  obtaining  glass  fibers.  The  dif¬ 
ference  consists  in  the  fact  that  ceramic  fibers  are  made  from  refrac¬ 
tory  mixtures  and  compounds  at  high  temperatures.  Ceramit  fi>'ers  are 
obtained  from  Al^O^,  ZrC^,  GiO^,  mullite,  kaolin  and  various  mixtures. 
Ceramic  fibers  are  most  extensively  obtained  of  Kaolin  composition.  A 
mixture  of  alumina  with  mullite  with  moderate  additions  of  b cren  and 


zirconium  oxide  is  melted  in  an  elect •'ic  furnace  and  then,  by  using 
steam  it  is  drawn  into  a  staple  ceramic  fiber  with  a  diameter  of  about 
one  micron  ar.d  length  of  about  7b  mm  with  a  specific  weight  of  3-2 
which  can  be  inci-eased  to  200  kg/m-^  by  c-:^ipac^Lng  the  fibieous  mater  ' al 
under  a  pressure  of  about  0.1  kg/cm".  Ti'.e  staple  ceramic  fibers  have  a 
low  thermal  conductivity,  hlgii  elasticity,  and  resist  vi ’^rations;  they 
retain  their  properties  in  oxidlzlrg  and  reducing  media  up  to  it00“.  Up 
to  a  temperature  of  1100°  such  a  fiber  Joes  not  melt  isi-i  does  not  sin¬ 
ter,  but  gradually  passes  from  the  vltrecus  to  the  .rystailine  state. 

It  is  used  as  shack-absorbln^;  liners  between  metals  and  ceraalcc,  for 
insulation  of  temperature  Joints,  sound  .‘nsulatlcn,  filtration  of  hot 
gases,  for  heat-resistant  partitions,  prc^tectl '.'e  ..iothing,  cor-veyor 


be  1 1  s ,  e 


;  w  Wi.ich  are  obtained  by  cementing  ceramic 


threads  by  an  organic  binder  withstands  heating  up  to  1100®,  A  rabrl'; 
consisting  of  80-8'j5^  of  ceramic  fibers  and  20-10^  of  of/sanlc  artificial 
fibers  does  not  deform  at  1100®,  but  loses  its  tensile  .".trength.  A  fab¬ 
ric  with  ceramic  fibers  as  a  base  reinforced  by  stainless  .steel  wire  re¬ 
tains  about  50$6  of  the  original  tensile  strength  after  being  held  for 
24  hours  at  85O®,  and  if  it  is  reinforced  by  chromium-nickel  wire  it 
retains  ^0%  of  the  strength  after  being  held  24  hours  at  1100®.  Ceramic 
fibers  are  also  used  for  the  production  of  fireproof  paper.  The  ceramic 
base  of  such  paper,  containing  about  10^  of  cellulose  is  .stable  up  to 

1500®. 


N.M.  Pavlushkin 


CERAMIC  MATERIAI^  FOR  RADIO  ENGINEERING  -  is  a  group  of  materials 
which  serve  as  electrical  Insulators  in  radio  engineering  equipment, 
mainly  for  the  operation  at  feeble  high-frequency  currents.  Ceramic  ma¬ 
terials  for  radio  engineering  are  different  in  chemical  and  mineralogi- 
cal  composition  (low  or  very  high  dielectric  constant,  positive  or 
negative  sign  of  the  temperature  coe-^  icient  of  the  dielectric  constant). 
A  peculiarity  of  the  ceramic  ir-^oerials  for  radio  engineering  is  the 
long  service  without  aging  phenomena,  and  the  applicability  at  elevated 
temperature.  Ceramic  materials  for  radio  engineering  may  be  soldered 
by  soft  or  brazing  solders  in  order  to  obtain  a  rigid  contact  with  the 
metal. 

The  ceramic  materials  for  radio  engineering  are  deliverable  in  8 
classes  according  to  GOST  5^fj8-57.  High-frequency  materials  with  a  di¬ 
electric  constant  higher  than  12;  1st  class,  for  circuit-  and  separat¬ 
ing  capcitors  which  do  not  stabilize  the  frequency;  for  heat  compensat¬ 
ing  and  separating  circuit  capacitors;  II^  class,  for  higl-i- stability 
capacitors;  IIIr;d  class,  for  small  installation  units.  High-frequency 
materials  with  a  dielectric  constant  lower  than  9;  IVth  class,  for 
large  Installation  units  and  high-stable  induction  coils,  for  high-fre¬ 
quency  capacitors;  Vth  class,  for  small  and  medium  size  parts  with  a 
high  mechanical  strength  and  heat  endurance;  Vlth  class,  for  Insulators 
used  inside  of  vacuum  devices;  Vllth  class  for  installation  parts  which 
does  not  stabilize  the  device.  Low-frequency  materials  with  a  dielectric 
constant  higher  than  1000;  Vlllth  class,  for  piezoelectric  converters 
and  for  low-frequency  d.  c.  capacitors.  The  ceramic  materials  for  radio 
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engineering  may  bs  subdivided  also  on  basis  of  the  used  raw  material  or 
the  main  crystalline  phase  (mineral)  of  the  given  material.  The  basic 
types  of  raw  materials  for  the  production  of  ceramic  materials  for 
radio  engineering  are:  white-fired  refractory  clays,  kaolin,  feldspars, 
talcum,  marble,  etc. ,  and  also  commercial  alumina,  electrolytically 
produced  white  corundum,  barium  carbonate,  titania,  tin  dioxide,  mag¬ 
nesia,  etc. 

The  most  Important  types  of  ceramic  materials  for  radio  engineer¬ 
ing  and  their  properties  are  quoted  in  the  Tables  1-4. 


TABLE  1 

Basic  Properties  of  Corundum-Mullite  and  Corundum 
Ceramics 


1 

2  HjaiiaiiHc  Ki-paMHKH 

CHOflCTM 

3 

PaAHG^apitiop 
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HClHoro  pacniivpriiiin  im- 
,  Tcpaaac  2U— 1 00° . 
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2, 5-2. 6 

3 . 2-3 . 4 

3.2-  3.4 

li  0 

K.iaic  no  rOCT . 

vn 

V 

IV.  rpyinia  vO* 

1)  Properties;  2)  nomination  of  the  ceramics;  3)  radio  porcelain;  4) 
ultra  porcelain  UF-..;  5)  conindura-mullita  (KM-1);  6)  dielectric  con¬ 
stant  at  a  frequency  of  0.5-5  Mods;  7)  temper8tu’'e  coefficient  of  the 
dielectric  constant  within  20-80*  at  a  frequency  of  0. 5-5  Mcps*  sec  1; 

8)  tangent  of  the  loss  angle  at  a  frequency  of  1  Mcps,  at;  9)  break¬ 
down  voltage  (kv/mm);  10)  specific  volume  resistance  at  100±5®  (ohm* cm); 
12)  temperature  coefficient  of  the  linear  expansion  within  20-100°;  ;^3) 
specific  gravity;  l4)  class  according  to  GOST;  15)  grcup  "b". 
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TABLE  2 

Basic  Properties  of  Magnesia  Ceramics 
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3 . 0 

K.iacf  no  ro(vr . 

IV.  rpytiiin  IS 

1)  Propertiesj  2)  designation  of  the  ceramics;  3)  B-17;  S-. . ;  5) 

spinel;  6)  dielectric  constant  at  a  frequency  of  0.5-5  Mcps;  7)  temper¬ 
ature  coefficient  of  the  dielectric  constant  with  20-80®  at  a  frequency 
of  0.5-5  Mcps;  8)  tangent  of  the  loss  angle  at  a  frequency  of  1  Mcps  at 
9)  breakdown  voltage  (kv/mm);  10)  specific  electric  resistajice  at 
100±5®  (ohm*cm);  11)  static  bending  strength  (kg/cm^);  12)  temperature 
coefficient  of  the  linear  expansion  within  20-100®;  13)  specific  gravi¬ 
ty;  l4)  class  according  to  JOST;  15)  group  "a. " 

TABLE  3 

Basic  Properties  of  Ceramic  Materials  With  Nonlinear 

Polarization 
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■apnMORS 

20 
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21 

21 

1)  Designation  of  the  material;  2)  seignettoelectric  ceramics;  3)  name 
of  the  material;  4)  SM-1;  5)  T-...,:  6)  SVT;  7)  seignettoelectric  ceram 
ic  VK;  8)  dielectric  constant  at  20*;  9)  change  of  the  dielectric  con¬ 
stant  in  relation  to  its  value  at  20®;  10)  t^gent  of  the  loss  angle  at 
103  cps;  11)  tangent  of  the  loss  angle  at  10®  cps;  12)  specific  volume 
resistance  at  100®  (ohm* cm);  13)  breakdown  voltage  (kv/mm);  14)  static 
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bending  strength  (kg/cm^,  not  less  than);  15)  specific  gravity;  l6) 
class  according  to  GOST;  17)  up  to  ...  from  ...  to  ...;  l8)  not  less 
than  205^  of  the  rated  value,  at  — 40®;  not  less  than  70^  of  the  rated 
value,  at  +60®  (at  30  v);  19)  before  moistening  ...,  after  moistening 
...;  20  group  "a";  21)  group  "b”;  22)  Varlcond. 
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References;  Bogoroditskiy,  N.  P. ,  Pasynkov  V.  V. ,  Matorialy  v  radio- 
elektronlke  [Materials  In  Radio  Electrons],  Moscow-Leningrad,  I96I. 

V.  L.  Balkevlch 
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CEPAMIC  PAINTS  —  are  colored  compounds  of  silicates,  alumlnates, 
borates,  etc.,  are  formed  on  the  surface  of  the  material  and  used  for 
decoration  of  stoneware,  for  setting  up  a  brand  or  conditioned  colors 
or  signs.  Colored  metal  oxides'  sometimes  colored  complex  compounds, 
are  the  base  of  ceramic  paints.  The  firing  temperature  and  the  gas 
medium  are  determinant  for  the  formation  of  certain  colored  compounds, 
under-glaze  and  upper-glaze  paints  are  discenred.  The  upper-glaze  paints 
are  applied  on  glazed  and  fired  objects,  and  then  a  secondary  firing  is 
carried  out  in  muffle  furnaces  at  600-850°.  The  under-glaze  paints  are 
resistant  to  the  dissolving  action  of  the  glazes. 


V.  L.  Balkevich 
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CERAMICS  -  are  stonelike  inorganic  materials  obtained  by  sintering 
of  plastic  bodies  of  plasticized  powders.  Raw,  fine  and  refractory 
ceramics  are  distinguished.  The  ceramic  materials  are  subdivided  in  pro¬ 
ducts  with  a  porous  fracture  and  in  products  with  a  compact  fracture, 
according  to  the  degree  of  compactness  (degree  of  sintering),  and  in 
structural,  general,  and  technical  ceramics  according  to  their  applica¬ 
tion. 

Raw  ceramics  (bricks,  roof  tiles,  auid  Dutch  tiles)  are  generally 
prepared  from  diverse  clays  (low-melting,  high-melting,  sometimes  re¬ 
fractory  clays  also),  diatomites,  tripoli  earths,  and  aggregates  (quartz 
sand,  fireclay,  slag).  They  are  porous  (wall  materials,  roof  tiles, 
etc.)  or  compact  (stony  ceramics),  depending  on  the  degree  of  compact¬ 
ness.  Acldproof  raw  ceramics  are  used  in  the  chemical  Industry  (reac¬ 
tion  towers  and  absorbers,  tourills,  suction  filters,  condensers,  pipes, 
coil  pipes,  exhausters,  pumps,  etc. ),  in  the  paper,  food,  and  textile 
industry  eind  in  other  industrial  branches  (see  Acldproof  Ceramics). 

To  the  fine  ceramics  belong:  porcelain,  technical  ceramics  (Fire¬ 
proof  Ceramics,  Vacuum  Ceramics),  special  ceramics  (tltania-,  cordler- 
ite-,  spodumen-,  corundum-  and  other  ceramics,  and  products  from  pure 
oxides),  semiporcelain,  and  faience.  White-fired  clays,  kaolin,  quartz 
sand,  feldspar,  pegmatites,  nepheline  syenite,  spodumene .  chalk,  mag- 
eslte,  and  dolomite  are  used  for  the  production  of  these  materials. 
Talcum,  eindalusite,  kyanite,  commercial  alumina,  magnesia,  tltania, 
beryllla,  etc.,  are  used  for  special  ceramics.  According  to  the  degree 
of  canpactness,  the  fine  ceramics  are  subdivided  into:  sintered,  coo- 
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pact,  and  very  hard,  such  as  porcelain,  for  example;  partially  sintered, 
porous,  and  lower  hard,  such  as  faience,  for  example.  As  a  rule,  the 
fine  ceramics  are  covered  with  a  layer  of  vitreous  glaze;  the  main  part 
of  the  products  is  white,  sometimes  the  fracture  Is  colored  (decorative 
ceramics,  etc. ).  The  products  from  special  bodies  may  have  diverse 
tints  depending  on  the  nat',ire  of  the  raw  material.  See  Capacitor  Ceram¬ 
ics  for  the  properties  of  tltanla  ceramics  used  for  capacitors,  and 
Oxide  Ceramics  for  those  from  pure  oxides.  Cordierite  and  spodumene 
ceramics  are  used  for  the  production  of  heatproof  objects.  The  cordiei- 
ite  products  have  a  high  mechanical  strength  and  a  low  thermal  expan- 
slon;  the  ultimate  bending  strenth  is  950  kg/cm  ,  the  linear  expansion 

_7 

coefficient  lies  within  10-12*10  ‘  in  the  temperature  range  from  20  to 
100*.  Spodtunene  or  lithium  ceramics  are  character!  ed  by  a  very  high 
thermal  stability;  they  are  used,  therefore,  for  the  lining  of  induc¬ 
tion  6Uid  other  furnaces,  for  protective  tubes  of  thermocouples,  for 
parts  of  thermostats,  for  laboratory  vessel;.,  tuyeres,  nozzles,  etc. 
Corundum  ceramics  ere  used  in  machine  building,  they  provide,  in  many 
cases,  a  3-4  times  higher  stability  of  pieces  and  devices.  Springs 
formed  from  sintered  co.('undura  retain  a  good  elasticity  up  to  1000-1100*. 
Helices  wlMi  a  d-Vamet^r  of  2.5-11*5  cm  and  a  cross  section  of  the 
"wire”  of  1.6-6.  5  mm  may  be  prepared  by  boring  a  helical  groove  into  aui 
alumina  cylinder.  Films  with  a  thickness  of  250  A,  used  electronics,  are 
prepared  by  anodic  treatment  of  corundum;  the  films  are  transparent  a.hd 
colorless,  they  do  not  delay  electrons  and  can  be  used  as  a  support  in 
the  investigation  of  diverse  substances.  The  tensile  strength  of  the 
films  is  almost  similar  to  that  of  common  steel  with  the  same  dimensions. 
The  films  are  fixed  in  rings  with  a  diamter  of  50  mm.  A  film 

with  a  thickness  of  500  microns  is  sufficiently  stable  to  stand  up  to 
the  sublimation  of  diverse  metals  on  its  surface,  it  passes  a  tempera- 
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ture  of  'j)©©"  with  a  small  change  of  the  transmissivity  in  the  Infrared 
spectral  range.  Films  from  other  oxides  may  be  prepared  in  the  same  way. 

Refractory  ceramics  include  a  large  group  of  materials  used  in 
Industrial  furnaces,  burners  and  units  wording  at  temperatures  higher 
than  1000®.  Depending  on  the  chemical  composition,  the  refractories  are 
subdivided  into:  silica,  aluminosilicate,  magnesia,  chrcaoe,  zirconla, 
oxide,  carbide,  and  nitride  refractories.  Fire-resistant  (frcan  I58O® 
to  1770®),  highly  refractory  (from  1770®  to  2000®)  and  materials  of 
highest  refractoriness  (more  than  2000®)  are  distinguished  with  respect 
to  the  fireproofness. 

Ceramics  are  characterized  by  a  high  refractoriess,  hardness, 
chemical  stability,  and  long-life.  The  high  brittleness  is  a  negative 
property  of  ceramics.  The  thermal  endurance  is  very  Important  for  prac¬ 
tice  because  the  possibility  of  using  a  material  at  conditions  of  al¬ 
ternating  heat  and  cooling  depends  on  it;  the  thermal  endurance  is 
basically  determined  by  the  mechanical  strength,  the  coefficient  of 
thermal  expansion,  and  the  heat  conductivity.  Data  characterizing  the 
effect  of  the  above-mentioned  factors  are  listed  in  the  Table.  Ihe 
values  for  the  bending  strength,  the  heat  conductivity,  and  the  thermal 
endurance  are  given  in  relative  units  (the  corresponding  characteristics 
for  porcelain  are  taken  as  a  unit). 

Ceramic  materials  are  becoming  more  and  more  and  mainfoldly  ap¬ 
plied  in  different  fields  of  machine  building  and  modern  engineering. 

Jet  propulsion  fuels  (nitric  acid  with  aniline,  xylldine  or  gasoline) 
do  not  destroy  ceramic  linings.  A  homogeneous  filling  poured  into  a 
ring  gap  between  the  previously  fired  lining  and  the  case  of  the  cham¬ 
ber  has  proved  to  be  the  best  for  combustion  chambers.  Such  a  billing 
is  made  from  light-weight  concretes  or  plaster  bodies.  Lining  of  com¬ 
bustion  chambers  made  from  ceramic  segments  has  proved  to  be  effective. 
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Metal  coatings  are  put  on  ceramic  lining  In  order  to  Increase  Its  heat 
endurance.  Ceramic  materials  are  also  used  for  the  production  of  rocket 
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conductivity;^^)  coefficient  of  linear  ex¬ 
pansion,  a*  10°;  t>)  thermal  endurance;  6) 
nonglazed  porcelain;  7)  glazed  porcelain; 

S)  nonglazed  high-ctrength  porcelain;  9) 
glazed  high-strength  porcelain;  10)  stea¬ 
tite  cerami  's;  11)  cordierite  ceramics; 

12)  sintered  corundum;  13 )  sintered  zir- 
conla;  1^)  sintered  beryllia;  15)  wollas- 
tonite  ceramics;  l6)  sillimanite  :eramics; 

17)  lithium  aluminosilicate  f  ^spodumene ) ; 

18)  lithium  aluminosilicate  (e-eucryptite ). 


shields.  Al^O^,  ZrO^,  CiO^,  etc.,  are  used  as  raw  materials.  Sintered 
Al20^  is  used  for  the  parts  of  the  gyroscope  used  in  rockets  for  an 
exact  guiding  into  the  target.  The  gyrostat,  the  motor  shaft,  the  bal¬ 
ancing  rings,  the  Cardan  joint,  and  the  bell  jar  are  made  from  sintered 
Al^O^.  Ceramics  are  used  as  carriers  of  catalysts  in  the  form  of  a 
finely  porous  coating  from  Al-,0^  or  2r0^  put  by  fi re-spraying  on  the 
ceramic  body  (rinjs,  balls,  small  cylinders,  et'.).  Very  thinly  corru¬ 
gated  or  objects  shaped  in  another  mariner  with  a  high  specific  surface 
for  operation  a  high  temperatures  (parts  for  heat  exchangers,  equip¬ 
ment  for  catal  tic  processes,  etc.  )  may  be  obtained  from  certain  ceramic 
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materials  by  rollinc.  The  corrugated  surface  has  8  grooves  per  1  cm  and 
a  wall- thickness  of  0.05  nm  in  objects  niade  from  magnesium  aluminosili¬ 
cate.  Tfie  honeycombed  zirconia  product  has  3  channels  on  a  length  of 
2. 5  cm  and  a  wall-thickness  of  0. 5  nm.  Ceramic  bands  are  produced  from 
alumina,  porcelain  or  steatite,  and  used  for  printed  electric  circuits. 
The  width  of  the  band  is  up  to  200  mm,  the  thickness  0. 8-3.0  nm,  the 
length  of  the  pieces  depends  on  the  firing  conditions. 

References:  Tekhnologiya  keramikl  i  ogneuporov  [Technology  of 
Ceramics  and  Refractories],  edited  by  P.  P.  Budnikov,  2nd  edition,  Mos¬ 
cow,  195^f  Avgustinlk  A. I.  Keramika  [Ceramics],  Moscow,  1957. 

N. M.  Pavlushkin 
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CERMET  CONTACTS  are  interrupting  contacts,  used  for  periodic  mak¬ 
ing  and  breaking  of  electric  circuits,  which  are  produced  by  the  powder 
metallurgy  method.  The  powde-'  metallurgy  technology  makes  it  possible 
to  produce  cermet  contacts  from  varied  materials,  including  those  whose 
production  by  the  melting  method  is  not  possible  (for  example.  The  W- 
Cu  composition).  In  this  case  significant  saving  of  metal  is  achieved 
as  a  result  of  the  high  wear  resistance  of  the  cermet  contacts  and  the 
reduction  of  production  waste.  Cermet  contacts  are  made  from  the  pure 
metals  (  W,  Mo,  Re,  Cu,  Ag  and  others),  alloys  with  solid  solution 
structure  (  W  -  Re,  Cu  -  Cd,  Ag  -  Cd  and  others),  compositions  of  non¬ 
alloying  metals  or  metals  and  nonmetals  (  W  -  Cu,  Ag  -  Ni,  Cu  -  C,  Ag  - 
—  CdO  ajid  others).  Widest  application  is  made  of  the  cermet  contacts 
made  from  compositions  which  in  structure  are  a  mechanical  mixture  of 
particles  which  differ  sharply  in  their  physiccil  properties.  As  a  re¬ 
sult  of  the  high  resistance  to  wear,  welding  and  burnin,^,  -the  composi¬ 
tion  cermet  contacts  are  used  successfully  in  many  cases  under  severe 
operating  conditions.  The  composition  cermet  contacts  are  charaterized 
by  high  strength  at  high  temperatures,  high  resistance  to  mechanical 
abrasion,  high  thermal  stability  (i.e.,  ability  to  retain  their  form 
and  composition  with  heating),  which  leads  to  their  excellent  wear  re¬ 
sistance  in  operation.  In  order  to  obtain  the  required  combination  of 
properties  or  to  economize  scarce  metals,  certain  cermet  contacts  are 
fabricated  in  several  layers  from  materials  with  differing  chemical 
composition.  In  the  two-layer  contacts  the  ratio  of  the  thicknesses  of 
the  working  and  nonworking  layers  varies  from  10:1  to  1:4.  The  cennet 
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contacts  made  from  compositions  having  particularly  high  resistance  to 
welding  (Ag-CdO  and  others)  are  produced  with  a  working  layer  made  from 
TABLE  1 

Composition  Cermet  Contacts  (GOST  3884-61) 
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MarHRTHue  oycKaTeAH.  peoe  ocnOomwcAoro 
paiHRMa,  pcAB  nenel  CRrHaAnaaiiMH  r  bbtO' 
MaTHKH.  BkOponpeoOpaaoBaTCAR,  bmcomO' 
BOAbTHUe  BMKAIORaTeAR  HcOoAblDOa  MOIQ- 
MOCTH 

CraptepH  ABHraTeAel  BRyrp.  cropaHRR. 
RrHHTpoHHue  npepwaareAR.  pene  cpcANero  dl 
R  THmeAoro  pcwrmob.  aBToMaTRi.  rapMO- 
peryARTopu 

MeraAAypnn.  KOHTaxTopu,  KoHraKTopu  p'i 
annaparoB  cTUKOBot  cBapKH,  MonRye  mb- 
CARHUe  H  BoaAymRye  BURADnaTeAR 


18 


CejieKTHBHue 

TeJiM 


■BTOMaru,  prtHiie  bukaidv* 


25 


*Nlckel  not  mandatory 

1)  Contact  type:  2)  chemical  composition  (^);  3)  ( ohra-mm^/m ) ;  4)  (kg/ 

/mm2);  5)  (g/cm3)-  6)  area  of  application;  6')  no  more  than;  7)  no 

less  than;  8)  SV  ;  9)  high  power  air  breakers,  anode  controls,  high- 
power  control  transformers,  small  high-voltage  switches,  magnetic  star¬ 
ters,  houshold  appliance  breakers.  Internal  combustion  engine  starters, 
electronic  relays,  themal  relays;  10)  SG  ;  11)  assembly  and  universal 
automatic  machines  (parted  with  silver-nickel  composition  contacts), 
air  breakers,  railway  signaling  relays,  elevator  control  apparatus,  ra¬ 
dio  receiver  switches:  ]2}  SN29G3;  13)  SK22N1;  l4)  voltage  regulators, 
relays;  I5)  SMO6O;  16)  light  and  heavy-duty  air  breakers,  contactors, 
household  electric  appliance  breakers,  relays,  electromagnetic  rectif¬ 
iers;  17)  SN  ;  18)  assembly  and  universal  automatic  machines  (paired 
with  silver-graphite  or  silver-nickel-graphite  contacts),  contactors, 
magnetic  starters,  extra-heavy  duty  relays,  signaling  and  automation 
circuit  relays,  electromagnetic  rectifiers,  low-power  high-voltage 
breakers;  I9)  S0K15;  20)  SOMIO;  21)  internal  combustion  engine  starters 
ignitron  interrupters,  medium  and  heavy  duty  relays,  automatic  thermo- 
centrollers;  P2)  MV  ;  23)  metallurgical  contactors,  butt  welding  ap¬ 
paratus  contactors,  high-power  oil  and  air  breakers;  24)  MG  ;  25)  sel¬ 
ective  automatic  machines,  manual  breakers. 
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TABLE  2 

Two-Layer  Cermet  Contacts  - 
GOST  3o84-6i 


! 

Tiin 

HOHraKTa 

I  PaSntMt  cjiot 

OcilOIIHHK  5 

MiTepNAA 

4 

TOJIlllMHI 

iMflTe- 

TOfl- 

lUNiia 

(%)•$ 

6C-M25 

7Ccpc<S|Mi  1 

75 

iMcai.*! 

25 

9CH40-H75 

K'iHno;iMitHR: 
10  6U%A(h 
40%NI 

'ih 

* 

75 

l.COKIi- 
"  7K25 

KoHiiuaNumcJ 
85%  Ab,  M 
1 5%CdO 

75 

Hirntsl 
ao  14 

1 

2b 

1 

* Relative  to  contact  thickness 

1)  Contact  typei  2)  working  layer;  3)  base;  4)  material;  5)  thickness 
(^)*j  6)  S-M25;  7)  silver;  8)  copper;  9)  SN40-N75;  10)  composition: 
o0%  Ag  and  Ni;  11)  nickel;  12)  SOK15-Zh25;  13)  composition:  85^  Ag, 
15^  CdO;  l4)  iron. 


the  composition  and  a  base  made  from  silver  or  copper  to  facilitate 
brazing  or  welding  to  the  contact  holder.  The  methods  of  producing  the 
cermet  contacts  are:  pressing  and  sintering  of  finished  products  in  a 
mold  from  metallic  powder  or  a  mixture  of  powders  of  specified  composi¬ 
tion,  stamping  from  cermet  rolled  stock  (for  wrought  materials  such  as 
W,  Ag-Ni  composition,  and  others),  pressing  in  the  form  of  porous  blanks 
from  a  powder  of  a  high-melting  component  and  subsequent  impregnation 
of  the  blanks  with  a  lower-melting  metal  (or  composition).  The  multilay¬ 
er  cermet  contacts  are  produced  by  sintering  blanks  prepared  from  metal¬ 
lic  powders  of  differing  chemical  composition  which  are  poured  sequent¬ 
ially,  in  the  form  of  several  layers,  into  the  press  form.  The  cermet 


•  b 


Fig.  1.  Cylindrical  cermet 
contacts  with  flat  working 
surface:  a)  without  conical 
point;  b)  with  conical  point. 


7.2 


I 


contacts  usually  have  a  cylindrical  (with  flat  or  spherical  working 
surface)  or  rectangular  (with  flat  or  cylindrical  working  surface)  form. 


Pig.  2.  Cylindrical  cermet  | 

contacts  with  spherical  work-  | 

Ing  surface:  a)  without  coni-  ' 

cal  point;  b)  with  conical  ? 

point;  c)  with  collar  (collar 
width  up  to  0.2  mm  allowed). 


On  the  lower  (nonworking)  side  of  the  contacts  there  is  sometimes  form¬ 
ed  one  or  more  conical  protuberances  for  welding  to  the  contact  holder 


Fig.  3*  Rectangular  cermet  contacts  with  flat  working  surface:  a)  with¬ 
out  conical  point;  b)  with  conical  point;  c)  with  collar  1)  one  cone 
only  for  contacts  of  length  to  10  ram. 


(Pigs.  1-4).  Brazing  of  the  cermet  contacts  to  the  contact  holders  is 
performed  using  conventional  silver  or  copper  solders.  Tables  3,  4  pre¬ 
sent  the  basic  dimensions  of  the  cermet  contacts. 
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Pig.  4.  Rectangular  cermet  contacts  with  cylindrical  working  surface: 
a;  ^dthout  conical  point;  b)  with  conical  point;  c)  with  collar.  1)  One 
cone  only  for  contacts  to  length  10  mm. 


TABLE  4 


Basic  Dimension  (mm)  of  Cy¬ 
lindrical  Cermet  Contacts 
(GOST  3884-61) 


D  (Ana- 

nerpij 

S  (TOJI- 
BTHHa) 

2 

•  ! 

d 

O  (;iiia- 

S  (Tl>.1- 
uiHiia) 

2 

• 

d 

t 

0,6 

0.6 

6 

1,6 

1.6 

1  1 

8 

1,2; 

1.6: 

2.3 

n 

i 

in 

2.5 

0.6: 

\ 

-.2 

12 

2,2 

3 

i 

16 

1 .2: 
2.2 

4 

1,0: 

1.6 

2  0 

5 

1.6 

2b 

3  2 

*d  —  cone  base  diameter 

1)  D  (diameter);  2)  S  (thick¬ 
ness) 


References;  Usov  V.  V.  and  Zaymovskiy  A.S. ,  Provodnikovyye,  reos- 
tatnyye  i  knotaktnyye  materialy  (Conductor  rheostat,  and  contact  mater¬ 
ials),  3rd  edition,  M^-L. ,  19*37,  in;  (Metally  1  splavy  v  elektrotekh- 
nlke,  t.  2)  (Metals  and  Alloys  in  Electrical  Engineering,  Vol.  2);  Al' 
tman  A. B. ,  Melashenko  I. P. ,  Bystrova  E. S. ,  Sovremennyye  metallokeramic- 

llk 


TL~TMj 


TABLE  3 


Basic  Dimensions*  (mm)  of 
Rectangular  Cemet  Contacts 
(GOST  3884-61) 


*1  -  length,  b  -  width,  S  - 
thickness. 

**d  -  cone  base  diameter. 


735 


II-7!;M6 

hesklye  elekt riche sklye  knntakty,  v  kn. ;  Elektricheckiye  kontakty  (Mod- 
ern  Cermet  Electrical  Contacts,  in  book:  Electrical  Contactc),  M.-L. , 
19585  Melashenko  I.  P. ,  Metallokeramicheskiye  clektricheskiye  knntakty, 

V  kn. :  Spravochnik  po  elekt rote khniche skim  materialam,  t.  2  (Cermet 
Electrical  Contacts,  in  book:  Handbook  on  Materials  for  Electrical  En'^- 
ineering,  Vol.  2),  M.-L.,  196O;  Al'tman  A. B. ,  Metallokeramkia  v  elek- 
tropromyshlennosti  (Cermets  in  the  Electrical  Industry),  M. ,  I96I. 


A.B.  Al’tman 


CERMET  ELECTRICAL  BRUSHES  are  components  which  are  used  as  the 
fixed  portion  of  a  sliding  contact  for  the  current  lzq>ut  and  output  on 
collectors  and  contact  rings  of  electrical  machines  and  which  are  pro¬ 
duced  using  the  powder  metalliirgy  method.  The  cermet  electrical  brushes 
are  pressed  from  mixtures  of  copper  and  graphite  powders,  frequently 
with  the  addition  of  lead,  tin  and  certain  other  materials.  In  the 


classification  of  the  electrical  brush  materials,  the  cermet  electrical 
brushes  are  termed  metallographltlc.  Depending  on  the  chemical  composi¬ 


tion  and  the  production  technology,  the  cermet  electrical  brushes  are 


divided  into  copper -graphite  and  bronze -graphite  (Table  1). 


TABLE  1 


Characteristics  of  Cermet  Elec¬ 
trical  Brushes 


rpTB- 


lUpm 


Xapai<T*pB- 
,  miHa 


■yrawni  •« 


Maiao- 

*  rpi- 

•■T- 


**  Bpoa- 
.  torpa- 

■aa 


Hr.  Hri. 
Hr2. 

Mn. 

Hrt.Mr« 

HI.  H3. 
H«.  HIO. 

•  IIH 

nrc.  H 
nrco, 

HlXi. 

nrct. 

Hr«t 


CO- 

MpMcanc 

floaMiaan/ 
coaapaianM 
Maw  II 
noMaamiKt* 
coacpaiaaMa 

C  aarapiaiJ^ 
WMB  OPMCa>[ 


To  wa  IP 


Mop»aa»  w 


0«.i 


11 


♦Recommended. 


1)  Group;  2)  type;  3)  characteristic;  4)  commutation  conditions*; 

5)  Copper-graphite;  6)  MG;  7)  high  copper  content;  6)  ll^t;  9)  higher 
copper  content;  10)  same;  11)  low  copper  content;  12;  normal;  13) 
bronze-graphite;  14)  MGS;  I5)  with  alloying  additions. 


Addition  of  copper  Improves  the  electrical  conductivity  of  the 
electrical  contact  material,  while  the  addition  of  lead  and  tin  make 
this  material  less  rigid  and  more  resistant  to  vibration  and  erosion. 
Figure  1  gives  an  idea  of  the  cheialcal  coQq)08itlon  of  the  cermet  elec- 
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I.  iif^orTo|H4i 

fNiMiiil.  s»;ici(t|Hiii(rToK  lia 
T|M*ynwfMmK<'  llrn^  - 

(4}  jicmiiyKriiiMr  (f*>:  a  (''ll 

-  MO.  / -Ml;  >»  •  »ll'4.r-  MI'O. 

»  -  Mrs.  j  -  Ml’2.  «  -  M!  l.  K  Mr.  * 

MIT.  «— MHU);  ii  -  MlOt.  « MH.#. 

■  ■  “  ■  c»—  M  -  Mn;.'i 

Pig.  1.  Location  of  some  cermet  electrical  contacts  on  the  copper-car¬ 
bonaceous  materials  (A) -alloying  additive  (B)  concentration  triangle; 
a)  611  Mj  b)  M3  and  M20;  c)  m6j  d)  Ml;  e)  MG4;  f)  MG6;  c)  MG3;  h)  MG2; 
1)  MGl;  J)  MO;  k)  MGS;  1)  MGSO;  m)  MG64;  n)  MGS6;  o)  MGS5. 


trlcal  brushes.  The  technological  process  of  the  production  of  the  cer¬ 
met  electrical  brushes  usually  consists  of  two  portions;  preparation  of 
the  semlmanufact\ires  (blocks,  plates)  by  pressing  and  sintering  (fir¬ 
ing)  from  a  mixture  of  the  initial  materials  in  powder  form;  production 
of  the  electrical  contacts  of  specified  shape  and  dimensions  from  the 
semi-manufactures  jy  machining.  Along  with  this  technology,  use  is 
made  of  the  method  of  individual  foim  pressing  (with  heating  or  with 
additional  sintering)  of  the  electrical  contacts  from  a  mixture  of  the 
initial  powders  into  a  finished  product  with  the  required  dimensions. 
The  shape  of  electrical  brushes  used  in  various  operating  conditions  is 
shown  in  Fig.  2.  The  cermet  electrical  contacts  are  usually  integrated 
with  the  current  conductors.  For  technical  characteristics  of  the  cer¬ 
met  electrical  contacts  see  GOST  2332-43,  for  dimensions  see  GOST  36ll- 
57»  The  fields  of  application  of  the  cermet  electrical  contacts  are 
shown  in  Table  2. 


-10-  ^  •C*  T 

•  % 


b  y  ri  Lf  e 
tlitii it  trtr 


Shaoes  of  cermet  electrical  contacts:  a)  general  purpose  (GOST 
8611-57);  b)  Tor  motor  vehicle  motor  electrical  equipment. 
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TABLE  2 

Fields  of  Application  of  Cermet  Electrical  Contacts 


1  2  yr»>mn 

» 

^  iiM-HriniH.  Hiiwiiin  (ran,  m-nMHrHHr) 

1  4 

*n«|>yHiiMN 

IMifimi 

1  nwa  (t  uii) 

1  (• "»)  ' 

t’l'nniiiue  aiiiraTKiii  immiHHiinmi  nma  wiaiiiMrMNtirii 
. 

Si^TaptvpM  aanpaiHniani  II— I't  • . 

('.Ta|rrri>M  nanpHMtifniH!*  I— i:!  a . 

I]-'Iiiihaiim(  rvMVpatiipu  noHa.Hennidi  HaiipNwnfaa  »i 

4«  •  . 

IjTii  )HP.  S)  12—24  • . . 

|4T"  we,  »>  1 2  a  .  I  .  . 

IsAi.'aHipiWNiae  laaraTtgia  area  ■rmurtTl  e  afOWaMl 

larnw,  e  imBMHMNuail  iLwmtnrTaai  Kwa . 

U  'lo  we.  e  iHiBMioeiupil  Mpynniol  CKnpnctMi 
l7AriiNxpn«nue  aaaraTCaa  acai  Moauaceal  c  anetiataao 
Ha.ieranaiaaa  aieraaBa,  a  taaaae  anaaaa  oaaiaiaiap* 
MMt  upeoCpaioaeTBael  e  laiawraaol  iui>Taf«TMD 

TI>KA  . .  a 

iaTi>  e  anaMOKaaoC  napywaol  eanpnm.Bi . 

i*ro  HIP,  c  nnpaa.iaaol  natrtanrtaai  enaa . 

20Kn.iMa  BoaoywaenaH  raaipoaaMt  reaepapipna  aaaa> 
rapraa  aorx  ■aatatcarl  a  aaopaamal  eo  epMaa# 
iwpyHiaaA  . . 


10-12 


n."  12 

10-14 

20 

an  20 
a.,  a 


Op  20 
On  10 
10-12 


10-12 


21 

f 

’wriLiii 

arcii 

JV> 

2« 

Ml.  Ml.  Ml  * 

a<> 

2» 

Mrs.  Ml  * 

3» 

xo 

MIX 

On 

IS 

Mn:.  Mr:* 

Jl- 

2S 

Mrc.  Mrs*. 

Mr,  Mfi* 

IS 

MFC 

2S 

MIT.  wn.  HI.  Ml 

»> 

2S 

Mrs.  HI*.  HI* 

an 

2S 

Mrs.  Ml*.  Ml*, 

Ml* 

♦Recommended  as  second  choice. 

1)  Electrical  machine  (type,  purpose);  2)  operating  condition:  3)  rec¬ 
ommended  type  of  electrical  contact;  4)  current  density  (a/cm^); 

5)  peripheral  velocity  (nv/sec);  6)  low  voltage  dc  traction  motors; 

7)  to;  8)  starters,  l8-24  volt;  9)  MG-;  10)  starters,  6-12  volt;  11) 
MGS;  12)  low  voltage  charging  generators  to  4o  volts;  13)  same,  to 
12-24  v;  l4)  same,  to  12  v;  15)  asynchronous  motors  of  all  capacities 
with  brush  lift,  with  high  current  density;  l6)  same,  with  high  peri¬ 
pheral  velocity;  17)  asynchronous  motors  of  all  capacities  with  con¬ 
tinuous  brush  contact,  and  allso  rings  of  slngle-a’^mature  converters 
with  high  current  density;  18)  same,  with  high  periphereQ  speed;  19) 
same,  with  normal  current  density;  20)  exciting  rings  of  synchronous 
generators  and  motors  of  all  capacities  and  voltages  with  medium  peri¬ 
pheral  velocity. 


References:  Belkin  M.D.  and  Shtykhnov  G.S.,  Shchetki  dlya  elek- 
tricheskikh  mashln,  Ikh  proizvodstvo  1  primenenlye  (Brushes  for  Elec¬ 
trical  Machines,  Their  Production  and  Application),  M. -L. ,  1952;  Pial- 
kov  A.S.,  Tekhnologlya  1  oborudovaniye  elektrougol ' nogo  prolzvodstva 
(Technology  and  Equipment  for  Electro -carbon  Production).  M. -L.,  1958; 
Zhestyanikov  V.M. ,  Elektrotekhnicheskly  ugol'  and  elektrougol ’nyye 
izdellya  (Electrotechnical  Carbon  and  Electro -Carbon  Products),  in  book 
Spravochnik  po  elektrotekhnichesklm  materlalam  (Handbooa  on  Electro¬ 
technical  Materials),  Vol.  2,  M. -L.,  I96O;  Livshits  P.S.,  Shchetki  dlya 

elektrichesklkh  mashln  (Brushes  for  Electrical  Machines),  M.L.,  I96I. 

A.P.  Al'tawn 
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CBUffiT  FILTERS  are  porous  products  for  filtering  mechanical  im¬ 
purities  from  liquids  and  gases  which  are  produced  by  the  powder  metal¬ 
lurgy  method.  Powders  of  any  metals  may  be  used  for  producing  cermet 
filters,  but  at  present  powders  made  from  bronze,  stainless  steel,  iron, 
nickel,  titanium  and  low-carbon  steel  are  used  (Table  1).  The  advantages 
of  the  cermet  filters  in  comparison  with  other  filters  are:  simplicity 
of  productions,  higher  mechanical  strength  and  permeability,  possibil¬ 
ity  of  filtering  to  particle  size  3-5  u,  uniformity  of  filtering  prop¬ 
erties  over  entire  filter  area,  possibility  of  producing  corrosion  re¬ 
sistant  and  refractory  filters,  comparative  simplicity  of  regenerating 
contaminated  filters. 

Cermet  filters  are  produced  by  pressing  in  forms,  by  free  pour¬ 
ing  into  graphite  forms  or  by  rolling  powder  into  strip  with  subsequent 
sintering.  Table  2  presents  the  characteristics  of  bronze  filters.  Fig¬ 
ures  1,  2,  3  show  the  variation  of  the  permeability  of  iron  cermet  fil¬ 
ters  as  a  function  of  wall  thickness,  pore  size  and  pressure  drop 
across  the  filter. 

TABLE  1 

Basic  Properties  of  Cermet  Filter  Materials 

I  ^  f  mm»  * 

I  FIN  Cw.  fN  M  .  -  a-i  '  a* 

t  Nmamoyf  rT»;ia  •  .  '*  I  w  •  *?  i-w  ?  —  !*• 

r  I  T-;v%  ♦  r  •  ~  t  *%  Si.  -  V  :  i  !  ? 

.  ir  V  AN  T» 


1)  Filtering  material;  2)  chemical  co.mpositlon;  3)  -  ope¬ 

rating  temperature  {*C);  5)  bronze;  6)  Lcw-carbon  steel;  7)  stainless 
steel. 
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TABLE  2 

Characteristics  of  Bronze  Cermet  Filters 


1  npM  faJibTpiiaiiHaii  ww. 

1  2  ll|>a  4aJkT|M>aaaaa  a<ia«ttla 

CNOpoCTW 

MJiktpo* 

^TiMMina  creNMa  (jui) 

rtuipncTk 

1  4  mawaa  cvaaaa  (juii 

i.s  1 

I.2S  1 

*  1 

3.?S 

1 

Mmi« 

1.5  1 

1 

1  > 

1  3.74 

(.l/JtlM'M*) 

1  larrtpa  aaiaipa  (»  o') 

•  wnapa  aaa»<M  {mm 

f  em  i 

IS 

0.35 

0.4 

0.1 

0.70 

0.044 

0.02 

0.03 

O.AI 

0  14 

su 

O.T 

O.IS 

1.4 

I.TS 

0.0 

0.24 

0.5 

1.5 

4) 

1 

1 

1.0 

3.1 

2.0 

» 

10 

45 

5 

20 

100 

10 

22 

110 

20 

50 

120 

15 

1  III 

175 

1)  Filtering  water;  2)  filtering  air;  3)  filtration  rate  (liters/min 
cm^);  4)  wall  thickness  (mm);  5)  head  loss  (kg/cnr);  6)  head  loss 
(mm  Hg). 


Fig.  1.  Variation  of  iron  cermet  filters  with  wall  thickness  for  dp  = 
=  bOO  mm  HgO.  1)  Air  flow,  m3/min-m^;  2)  wall  thickness,  mm. 


I 


Fig.  2.  Variation  of  permeability  of  iron  cermet  filters  with  pore  size 
for  Ap  =  0.5  atm:  1)  TS-1  fuel  with  viscosity  1.29  centistokes;  2)  die¬ 
sel  oil  with  viscosity  3*5  centistokes;  a)  Permeability,  llters/mln-m^; 
b)  pore  size,  microns 


IJ 


®  at  t«  u  tt 

•WMPM.  .....  2 


Fig.  3*  Variation  of  permeability  of  iron  cermet  filters  with  filtra¬ 
tion.  pressure  (TS-1  fuel).  1)  Flow,  liters/min-m^;  2)  filtration  pres¬ 
sure,  kg/cm^. 
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The  cermet  filters  are  produced  In  the  form  of  discs  and  plates, 
cylinders,  sleeves,  cones  with  wall  thickness  >0.5  mm.  In  selectinr: 
the  construction  of  a  cermet  filter  it  is  necessary  to  keep  in  mind  that 
the  discs  have  uniformity  of  the  properties  over  the  entire  surface, 
while  filters  in  the  form  of  cylinders  have  differing  properties  along 
the  length,  and  that  the  nonuniformity  Incrases  with  the  cylinder 
length;  therefore  the  cylinder  length  must  not  exceed  2-3  d.  Cylindrical 
filters  of  greater  length  may  be  obtained  by  welding,  brazing  or  bond¬ 
ing  of  cylindrical  filters  of  shorter  length.  Figure  4  shows  the  gener¬ 
al  form  of  several  typical  cermet  filters. 


Fig.  4.  Form  of  cermet  filters. 

The  cermet  filters  are  easily  machined  (facing,  drilling,  thread¬ 
ing).  However,  maching  of  the  filtering  surface  is  not  recommended. 

The  most  In^ortant  fields  of  application  of  the  cermet  filters  are 


given  in  Table  3* 
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TABLE  3 

Fields  Qf  Application  of 
Cermet  Filters 


'  RpMIfTli 


4  Xllllll*IO* 
CKIR 


II 


14  MeT8;i;iyp- 
THRecKafi 


17  dmpreni' 
wcKan 


19  ABRamoH' 
fuR  II  cy« 
AocrpoH* 
TejibHii* 

21  Abtomo- 
OHjibHan 


34  ATOMHaa 


2  O0/IHCTI>  j  MatffiHAA 

npHnaNfiiiNii  (imAbTpa 


I  owHCTMa  KoHaeitTpM- 
lUmaNHWA  CI|9AO^ 
S  itMk  pacTuopoa  n 
KMCAnt.  Pa.IABAetiiie 
•flAU  R  MACAR  a 
anyAbCMHZ.  <t»RJIbT- 
POMAHR^*  ailCTaTllfl- 
iicnjiiOAr»atiii»x  pac- 
TBOp^lB  ttpR 
ACHMM  HCKyCCTaeii* 
Hom  bOJIOKHA 
^l^MJibTpoaaifiie 
7  OCHOa  AAH  /lAHOB  M 
nAACTHaCC,  ^MAbTPO- 

Hanie  npH  npoR.fBe 

HAyRyKA,  ^RAbTP0> 

BAHHe  cycncnaRt  r 
anyAbCHft 

ORHCTKA  MiRAKOrO  R 
raaoo^paaHoro  kmc- 
9  jiopoAA  or  rpa^TCM 

BOi  ni4ftR,  ORMCTKA 
I  >f'UAKOrr>  MRCJIOpOAA 
oT  raepA^ft  AayoKR- 
CM  yrpepoAA 
ONAbTpOaaKKe  t?a0TR 

_R  raaoa  or  nccKa:  i 
‘^npil  KATaAllTRR.  Kp4'j 
HHHre  Heipm  I 

I  OhMCTKA  A<>H6HIM)rO 
|,.raaa.  ^aiJibTpoaAtme 
r^aRNMAKa 


OviStka  nnraf.  aoAu 
ARR  kotaob»  nuAis 

R  ^JOACynaBARBAHRe, 
cenApauRR  napa  8 
RAPonpfiBnAAt 
OffAbTponaHNe  HCMd* 
-  Kon)  ropjo^ero  m 
2^CMaaO<|Hl4X  HACPA 


Onil^KA  snaeAbHoro 
TulWIHBA.  OMAbTpo* 
BAHRe  BUXAOnKUX 
IA30B 

OWCTKa  CneARAAbHblT 
mRiiKOCTvft  If  rasoB 


Ccpo6pf>»  iieiK 
WAHONNIIBH 

^  nrajib.  KBRr>» 
yrjwpojiNC- 
TAR  CTHAb  C 
ntir.JitnyKh 
lilMH  XPOMH- 
pOBBKHeH 


HepWBBeKMIlAR 

CTAAb 


Bporbb 


HRanpyTAepo* 
ARCTAR  CTSAb 

Haj^^rjiepo* 
ANCTAR  CTBAb 

c  nocAeAyiP* 
tURM  XpOMN* 
pOBAHReM 
HepwaaeiouiAR 

CTAAb  I 


MaAoyrAepo* 
AHCTsR  CTRAb 
c  nocABAyio- 

U4HM  XpOMR- 

POBAHHeH 

BpoHsa. 

HHKBAb  23 


HepmaaeiMaBR 
CTAAb.  26 
HHKBAb 


Ij  Industry;  2)  field  of  application;  3)  filter  material;  4)  chemical; 
5)  purification  of  concentrated  alkaline  solutions  and  acids.  Separa¬ 
tion  of  water  and  oil  in  emulsions.  Filtration  of  cellulose  acetate  so¬ 
lutions  in  production  of  artificial  fibers;  6)  silver,  stainless  steel. 
Low-carbon  steel  with  subsequent  chromium  plating;  7)  filtration  of 
resins,  bases  for  lacquers  and  plastics,  filtration  in  rubber,  produc¬ 
tion  filtration  of  suspensions  and  emulsions;  8)  stainless  steel; 

9)  removal  of  graphite  dust  from  liquid  and  gaseous  oxygen,  removal  of 
solid  carbon  dioxide  from  liquid  oxygen;  10)  bronze;  11)  oil;  12)  fil¬ 
tering  sand  from  oil  and  gases;  in  catalytic  cracking  of  petroleum; 

13)  low-carbon  steel;  l4)  metallxirgical;  15)  purification  of  blast 
furnace  gas;  filtering  ammonia;  l6)  low-carbon  steel  with  subsequent 
chrome  plating;  17)  power;  l8)  purification  of  boiler  feedwater,  dust 
and  ash  collection,  separation  of  steam  in  steam  pipes;  19)  aviation 
and  shipbuilding;  20)  filtering  liquid  fuel  and  lubricating  oils; 

21)  motor  vehicle;  22)  filtering  diesel  fuel.  Filtering  exhaust  gases; 
23)  bronze,  nickel;  24)  Atomic;  25)  purification  of  special  liquids  and 
gases;  26)  stainless  steel,  nickel. 
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References:  Rakovskly  V.S.,  Saklinskly  V.V. ,  Foroshkovaya  metal- 
Ixirgiya  v  mashinostroyenii  (Powder  Metallurgy  in  Machine  Design),  2nd 
edition,  M. ,  1963j  Bal'shin  M.Yu. ,  Poroshkovaya  metallurgiya  (Powder 
Metallurgy),  M. ,  1948;  Agte  K,  and  Otsetek  K. ,  Cermet  Filters,  The.1r 
Production,  Properties  and  Application,  translated  from  German,  L., 

1959. 
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CERMET  HARD  ALLOYS  are  alloys  of  high-melting  compound  (primarily 
carbides  of  tungsten  and  titanium)  with  metals  of  the  iron  group  which 
are  prepared  using  the  powder  metallurgy  method.  The  structure  of  the 
cermet  hard  alloys  consists  of  grains  of  carbide  or  a  solid  solution  of 
carbides  and  a  cementing  phase  which  is  a  solid  solution  based  on  a 
metal  of  the  iron  group.  With  an  Increase  of  the  carbide  phase  content, 
there  is  an  increase  of  the  hardness  and  the  wear-resistance  of  the 
cermet  hard  alloys  and  also  an  increase  of  the  brittleness.  In  addi¬ 
tion  to  the  chemical  composition,  the  properties  of  the  cermet  hard  al¬ 
loys  are  strongly  affected  by  the  grain  size  of  the  carbide  and  cement¬ 
ing  components.  The  chemical  composition  and  properties  of  the  cermet 
hard  alloys  are  presented  in  Table  1,  2,  3;  the  fields  of  application 
are  shown  in  Table  4. 


TABLE  1 

Chemical  Composition  of 
Cermet  Hard  Alloys  (tung¬ 
sten-cobalt  group) 


2  CoaepwaHHe 
KOiinoReiiToa  (\) 


3»K-2  . 
BK-3  . 
BK-e  . 
BK-S  . 
HK-tO 
BK-U 
RK-15 


1)  Alloy;  2)  component 
content  {%);  3)  VK. 


TABLE  2 

Chemical  Composition  of  Cer¬ 
met  Hard  Alloys  (Titanlum- 
tungsten-Cobalt  Group) 


’  Ciuiti 

2  CojiepmaHNe 
*  KoHnOHetm)!  (%) 

WC  1  TIC  Co 

T^KI^  . 

85 

5 

8 

TI4K8  . 

78 

14 

8 

TliKe  . 

78 

15 

6 

TSOK*  . 

88 

30 

4 

T«0Ke  . 

34 

60 

6 

1)  Alloy;  2)  component  con¬ 


tent 


W. 
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TABLE  3 

Propertieb  of  Cerment  Hard 
Alloys 


I 

ClIJiAH 

2 

,  ¥ 

^  (.V'C.I  ') 

nil 

’’h.'ip  4 

itK-i; . 

1  - 1  ;• .  4 

Ok 

IKK 

HK-3 . 

HO 

IKK 

BK-€ . 

Nm 

t2K 

HK-H . 

U.4-H.K 

K7  5 

t;iK 

nK-in  .  .  .  . 

U.2-I4.I; 

H7.r» 

1  :jk 

HK-II  .  .  .  . 

U  -U.4 

K«; 

lf)K 

IIK-li  .  .  .  . 

H«> 

HiK 

TriKIO  .  .  .  . 

!  2 .  .1- 1  :i .  2 

HK.S 

t  l.S 

TI*K8  .  .  .  . 

\  \  ,  2^  i  2 

HO  r» 

115 

Tl'iKB  .  .  .  . 

f  I  —11.7 

OK 

nil 

T;inK*  .... 

n.s— ‘>.s 

OK 

oo 

T(i(IK6  .... 

t\ .  r>-  7 

On 

75 

1)  Alloy;  2) 
4) 


properties;  3)pY 

^izg" 


TABLE  4 

Fields  of  Application  of  Cer¬ 
met  Hard  Alloys 


»npnaofl)*(CHiii> 


1  Cn;M( 

}  npMHeHeRNC 

I  Cii.iaii  1 

3  IlliHMiHfiiMf 

3BK-2 

^HHCTpyuieRT  aJIfl  WTfiBKft  H  no.lVMH- 
KOpafioTHH  nyryHa,  uhot. 
Hux  MrrajiJioB  ii  cikiaiikb.  a  Tai;>Kc 
HeMrra.n.iN<i.  MaTcpHa;o>B.  npit  iic- 
lipCpbUlHOM  pC'aaHHM.  HHCTpyMOHT 
Aih  peanii  ctckvIa 

BK-10 

BK-n 

'*  Hhctpvmcht  4.in  nii.i(i>.pipiiH  iiiiyTh'.  n 
H  Tpy# 

ItHCTpyiKCiiT  J.1II  iipp'l')  paTi’piii.n. 
10  6ypPHiin  rnpHi.it  Tinpn.i  8  n 

cpp.iHf*  Kpenix-viT,  a.m  nfipnfidTiai 

K.1MHH 

BK-3 

5 To  we,  TTo  n  iinn  BK-2.  h.  Kpowe 
Tom,  uRcrpyMeHT  ajih  Baio^eHMa 
npoBojioKN  H  reKJioropaaBOAoHHtiro 
OypfRMn 

BK-15 

HHrT|)>MrHT  a:in  nf»p>l»>p,iTf»pHor«'  ov- 
11  PCHHA  KpenKHX  PopHWX  Rfipn.!.  a.lH 
DiriMni  nrtH  if  Rn.marHitK  n  nc.k  . 
Hiiax  liOBliJill  HAI'PV.IOK 

BK-« 

BK-8 

6 To  we.  «rro  juiR  BK-2  n  DK-3.  m. 
KpKMe  Toro,  MKfTpyMeHT  A.m  npaa- 
KH  aiAH<|>KBAAbHhix  Kpyn>a 
|7  HncTpyiieHT  ana  ^pHouom  T<»HeHMn 

1  N  ap.  BNaoB  r4e.iaHNH  Myryifa. 
naeTHhix  MeTa.i.ioB  h  H^neraHaHH. 
MaTepMa.ioB;  bo.ikhh.ikhmA,  (^ypr- 
Bpi»  KaaNOpOBORNuA  MHCTpyiMHT 

T5KIU 

TI4K8 

TI5K6 

T30K4 

TG0Kl> 

IlHCTP)RrHT  a.TH  ‘K  pHnfioro  TOHeHKH 

•  2  K  ap  RnaoR  orip.iri.iTHii  tt.-i.tii  npii 
HcpaawMepHii’w  rewHiiii  cpr.iA  ii 
hl^pMKHrrnM  praAHIItl 
.  jIlHCTpyuPHT  .I.IH  'lepHOBnfl  if  IHM)- 
‘iiiCTDaDft  nGpafKtTKn  cta.iii 
. -KHCTpyarHT  .i.tm  no.iym- 

rTf>aoft  M  Hiit'Ti’Rnft  oHparMiTi.'it  rTA.iii 
lipit  HfriprpMRMnM  (>r:iAHIUI 
llMrTpywfHT  a.IM  mirToHon.  Ti'WIIMM 
IS  era  III  r  ce»irHi»f!ii  rTpy-f^i.n 

1)  Alloy;  2)  application;  3)  VK-;  4)  tools  for  finishing  and  semi- 
finishing  working  of  iron,  nonferrous  metals  and  alloys,  and  also  non- 
metallic  materials  using  continuous  cutting.  Tools  for  cutting  glass; 

5)  same  as  for  VK-2,  and  also  tools  for  wiredrawing  and  geological  ex¬ 
ploration  drilling;  6)  same  as  for  VK-2  emd  VK-3  and  also  tools  for 
dressing  grinding  wheels;  7)  Tools  for  rough  turning  and  other  forms  of 
cutting  of  iron,  nonferrous  metals  and  nonmetallic  materials;  drawing. 


746 


II-78M2 


boring,  sizing  tools;  8)  continuation;  9)  tooling  foi'  rod  euid  tube 
drawing;  10)  tools  for  drilling  rock  of  low  and  medium  hardness,  for 
stoneworking;  11)  tools  for  drilling  hard  rock,  for  stamping  and  draw¬ 
ing  under  conditions  of  high  loading;  12)  tools  foi  rough  turning  and 
other  forms  of  steel  working  with  nonuniform  cutoff  section  and  inter¬ 
mittent  cutting;  13)  tools  for  rough  eind  semi -finishing  working  of 
steel;  l4)  tools  for  rough,  semifinishing  and  finishing  steel  t^orklng 
with  continuous  cutting;  15)  tools  for  finish  turning  of  steel  with 
small  chip  section. 


For  the  cermet  hard  alloys  in  the  range  20-500®  a  is  6* 10"^  — 

—  10«10“^  l/^C,  coercive  force  is  124-136  oersteds. 

In  addition  to  the  alloys  listed,  in  several  countries  cermet  hard 
alloys  are  produced  with  different  composition,  containing  carbides  of 
tantalum,  niobium,  vanadium. 

References:  Kieffer  R.  eind  Schwartskopf  P.,  Hard  Alloys,  trans¬ 
lated  from  German,  M. ,  1957;  Rakovskiy  V.S.,  Samsonov  G.V. ,  Ol'khov 
I. I.,  Osnovy  proizvodstva  tverdykh  splavov  (Fundamentals  of  Hard  Alloy 
Production),  M.,  i960;  Tret'yakov  V.I.,  Metallokeramlch.  tverdyye 
splavy  (Cermet  Hard  Alloys),  M.,  1962. 

V.S.  Rakovskly 
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CERMET  HEAVY  ALLOYS  are  alloys  having  a  density  of  more  than  16.5 
g/cm^  which  are  prepared  by  the  powder  metallurgy  method.  The  basis  of 
the  cermet  heavy  alloys  consists  of  tungsten,  their  composition  also 
Includes  cobalt,  nickel,  copper,  chromium  and  other  components.  Sin- 
terng  of  the  pressed  mixture  is  accomplished  at  a  temperature  of  1400- 
1700*.  Sometimes  the  tungsten  powder  alone  is  compacted  and  the  pressed 
products  are  subjected  to  low-termperature  sintering  with  subsequent 
iii?)regnation  with  molten  metals  (cobalt,  nickel). 

Table  1  presents  the  chemical  composition  of  the  most  widely  used 
cermet  heavy  alloys,  and  Table  2  shows  the  properties  of  these  alloys. 


TABLE  1 

Chemical  Composition  of 
Cermet  Heavy  Alloys 


TABLE  2 

Properties  of  Cermet  Heavy 
Alloy 


S  Knte-IkT 
«  Himr.ik 
1Mt»  ■  ■ 
iXtH*  . 


1  Cnaepmami.. 
<S) 


(Vxiu  ♦ 
J-li 


1)  Element;  2)  content; 
{%)'»  3)  tungsten;  4)  base; 
5)  cobalt;  nickel; 

7)  copper;  8)  chromium. 


*  CX'irTiu 

lloKiiaTe  ii> 

j  2 

jy  (  rjt’} 

'  1  -  f : 

4o^(.,  JUt<) 

i 

«0  ^  mm') 

. 

1  *•  i  » —  0  go 

4  jaw*)  . 

^  .0 

4  JonyrraiM*  paSii<uii  irMn-p. 
(f) 

1)  Property;  2)  property  in¬ 
dex;  3)  (g/cm3);  4)  (kg/''mm2); 

5)  (kgm/mm  };  6)  permissible 
operating  temperature  (®C). 


The  figure  shows  the  typical  microstructure  of  the  cermet  heavy 
alloys.  The  material  is  used  for  balancing  weights  in  instrvunents,  as- 
8eni)lies,  on  airplanes,  rockets  and  numerous  other  devices,  and  may  be 
used  for  the  fabrication  of  products  of  varied  shape,  including  ex¬ 
tremely  complex  forms.  The  heavy  alloy  cermets  are  easily  machined  us- 

7<t8 


II-79M1 

Ing  tools  with  hard  alloy  facing,  but  are  difficult  to  braze,  weld 
and  plastically  deform. 


References:  Rakovskly  V.S.  and  Saklinskly  V.V.,  Poroshkovaya 
metallurgiya  v  mashinostroyenil  (Powder  Metallurgy  In  Machine  Design), 
2nd  edition,  M. ,  1963;  Bal'shin  M.Yu. ,  Poroshkovaya  metallurgiya  (Pow¬ 
der  Metallurgy),  M.,  1948. 

V.S.  Rakovskly 
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CERMET  HIGH  TEMPERATURE  ALLOYS  are  alloys  prepared  by  the  powder 
metallurgy  method  which  withstand  high  loadings  at  high  temperatures 
(on  the  order  of  lOCO-1500*)  for  an  extended  time  period.  For  the  char 
acteristics  and  properties  of  the  cermet  high  temperature  alloys  see 
Tables  1,2. 

TABLE  1 

Characteristics  of  Modem  Cer¬ 
met  High  Temperature  Alloys 


•  1 

^  Ocmmtn 
tap-m 

^  Koaiin«iiaa(l 

I 

Tatptttft 
^  COM* 

CfULis  fiaptejioa  bah  OopBjiM 
TyrvKUtatHBt  mtnjutot  c  ■tra.v 
jmmm  rpyimM  bar 

1  TyronABBRBiiB  BmAAimi 

11 

,  HarnuM- 
*  oumemut 

emjat 

Ciuu*  iMtaJunt  TWfiaMi 

eoMaant**  t  TymuuiMnaa 
j  oaai'juMa 

III 

Mtrtjutn. 

t 

CiuiaBM  aa  n-aoBT  Trn>n.i«taBi 
aarTa.i.ma.  aaaM  M«r« 
aa.  e  a»(laaiia»a  afft<'jiMai>r» 
Mo.iH'WcTM  .larapjmaiBl  a.i« 
iKirroa  (Tl.  Zr,  t'u  a  ap  1 

1  « 

IV 

1 

1  VrarpoAncT*- 

vpetmMtaut 

!  coAit 

.0 

m  npniNiiB. 

NiBirAA  r 

[  <Wipa,  HBrp«u«  MpeBBiirt  u  nb- 
1  jutnmrm  inwii»<ivrr«B 

>  cBo6r>aM^o  yr.iBpv'^i^ 
i  11 

1)  Type  of  alloy;  2)  basic  nature;  3)  ccxnposition;  hard  alloy;  5) 
alloy  of  carbides  or  borides  of  refractory  metals  with  metals  of  the 
iron  group  or  refactory  metals;  6)  metal  oxide  alloy;  7)  alloy  of  met¬ 
als  or  hard  compounds  with  refractory  oxides;  6)  metallic  alloy;  9)  al 
loys  based  on  refractory  metals,  most  frequently  molybdenum  with  addit 
ions  of  a  small  quantity  of  alloying  elements  (Ti,  Zr,  Cu  suad  other); 

carbon-silicon  alloy;  11)  composition  consisting  of  graphite  and 
silicon  carbide,  sometimes  with  additions  of  boron  carbide,  silicon 
nitride  and  the  presence  of  a  small  quantity  of  free  carbon. 


ITie  first  three  types 
temperatures  of  700-1000®, 
for  long  times  is  possible 


of  alloys  begin  to  oxidize  actively  even  at 
therefore,  their  use  at  high  temperatures 
only  under  the  condition  of  application  of 


T':0 


TABLE  2 

Properties  of  Cermet  High  Temperature  Alloys 


*KU0. 

3  Omoom 

I  Cmom 

J  CIMOOM 

J  f;a0aai4 

*  CwiAom 

mtmp. 

1  t0M 

II  rmia 

III  TOM 

IV  TOM 

1  «<r«* 

2. 0-4.0 

IMMJi* 

ii»-ito 

00 

•  Tom 

M-49 

t»-40 

T»-40 

0-0 

a 

lO-T* 

I4«-I(t 

lO-l* 

Mr 

a 

IH-2lt 

40-4* 

a 

a 

>»-4* 

l»-3» 

40-19 

0-I4 

eJ^dlOO*) 

• 

4*-a« 

t«-ll 

OO-TO 

lO-IB 

0  apl  IlM* 

a 

t»-*s 

ll-M 

— 

0-14 

0  .ft 

0_,  (MaMtlf  UMW)* 

• 

t-ts 

4-« 

i»-at 

11-11 

40-00 

4.0-4 

10-11 

•.i-«.a 

• 

% 

• 

» 

10-11 

0 

•  (200*) 

a 

•  1 

10—11 

0 

••19*  ■  yiwpiaw  M** 

trc 

4—6 

1. 0-0.0 

4.0-0 

1)  Properties;  2)  unit  of  measurement;  3)  type  alloys;  4)  g/cm-';  5) 
Kg/rm^l  6)  same;  7)  o.  ;  8)  at;  9)  (on  the  basis  of  lO'cycles);  lO) 
kgm/cm^;  11)  In  range.  ® 


protective  coatings  in  the  form  of  metallic  alloys  or  ceramics.  Alloys 
of  type  IV  may  be  used  for  long  time  periods  at  temperatures  aoove  1000* 
without  protective  coatings. 

Ihe  thermal  stability  criteria  (Table  3)  are  of  great  importance 
ior  the  cermet  high  temperature  alloys  and  are  usually  defined  by  the 
number  of  thermal  cycles  which  the  alloy  withstands  without  failure 
when  it  Is  heated  rapidly  (in  20-30  seconds)  to  1200-1500*  and  cooled 
rapidly  to  lCC-200*, 

So  far  the  high  temperature  cermets  have  not  found  wide  Industrial 
application;  they  are  utilized  only  in  certain  branches  of  engirMering 
(see  Table  4). 

References:  Kleffer  R.  and  SchwartzKopf  P. ,  Hard  Alloys  (tfanslat- 
ion  from  German),  M. ,  1937;  High -Temperature  and  Corrosion- Resistant 
Cermet  Materials,  collection  of  repoets  at  2nd  Seminar  at  Planzee  (Aus¬ 
tria),  translate!  from  German,  M. ,  1959;  High  Temperature  B^glneerlng, 
ed.  by  I.  C.  Campbell,  translated  from  Qigllsh,  M. ,  1939> 

V.  S.  Rakovskly 
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TABLE  3 

Thermal  S lability  of  Hich 
Temperature  Cermet  Alloyc 


I  Tab 
cajUM 

,  YcptmCTiiCKiiCTI.  Mil 

U»0*-200*-1200* 

I . 

isn-2S0 

II ... . 

100-200 

Ill ... . 

40M-5U0 

IV  .... 

1  CtuaK  tOVO 

1)  Alloy  type;  2)  thermal 
stability  from  number  of 
temperature  cycles  ;  3) 
more  than. 


TABLE  4 

Principal  Areas  of  Applic¬ 
ation  of  Cermet  High  Tem¬ 
perature  Alloys 
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2 
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^  CrtfiTNa 
ncftnCNMH 

1 

4 

I  5 
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OuToixiiao  • 

KOppoOBB  IjKMUITaB  M  p*H 
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pM.  ycLicvrinn. 
•anapBTypw  b  ap.) 

1  npBWTMMIOTrB 

B  npoa.  MAT* 

• 

Xtrua  praNTHaa^i  ca-  i 
■oarm*.  panrr  a  an  iw-  ' 
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aa.  .vKuniB  ixaaTaaawt 
jaaraTr.trt  a  ap  i  , 

B  i4IWTM  M  rtrw 
PBimt 

>'  •! 

1 

j  <-«•  ' 

IlpHMrMmOTl-H 

lliv»4T«>B.  p«K4T  n  HI  a»«l' 

B  ‘-tlMTHi'M  m- 

rstrJirA 

ll.iacfimw  «M't«aute- 

MBB  MiaT|i>- 

iMTa 

UpMarnnuT.ia 

a  np4-M 

UlTBlk 

III  : 

JlrTJ.tB  p^4KT>l»MM1  Ca- 
»*  .^T'*a.  paart  m  «t  aaii-' 

npMarRB»'TM4  , 

•  It  ’* 

‘*1 

r«rr.M*t  t.t'ftataii  jaiira 
c4.-n.iQ«MT  BrT«»ait 

•  ap  » 

luS.trr 

IV 

1 

paa*r 

14 

1 

np«ltriMB>vo4 

B  n’>.i>opt>«i 

11 


1)  Alloy  type;  2)  application  area;  ?)  legree  of  use;  -)  parts  for  ap¬ 
paratus  operating  in  ''orrostv'e  conditions  (blades  and  rotors  of  marine 
pumps,  chemical  equipment,  seals,  etc.);  v)  used  industrially;  c)  parts 
for  Jet  airplanes,  rockets  and  their  engines  (noccle  inseris,  Jet  engine 
blades,  etc,);  7)  used  experimentally;  b)  parts  for  Jet  airplanes,  roc¬ 
kets  and  their  er.gines;  9)  used  experimentally;  1^,)  wafer.;  for  equipping 
cutting  tools;  11)  used  industrially;  12)  parts  for  Juet  airplanes,  roc¬ 
kets  and  their  engines  (engine  baldes,  nozcle  inserts,  »^tc.);  13)  used 
experimentally;  14)  rocket  parts;  iv)  used  on  semi-industrial  scale. 


CERMET  MAGNETS  are  permanent  magnets  produced  by  the  powder  metal¬ 
lurgy  method.  They  are  used  to  create  a  permanent  magnetic  flux  In  mag¬ 
netic  flux  in  meignetic  circuits.  In  comparison  with  the  magnets  produced 

by  the  method  of  conventional  metallurgy, 
the  cermet  magnets  ahve  the  following  aJ- 
vantages:  precise  chemical  composition  Ic 
ensured,  which  improves  th  'nlformlty  cf 
the  magnet  properties;  production  of  mag¬ 
nets  with  hardware  is  facilitated  (pole 
terminals,  pivots,  sleeves);  machining 
volume  is  reduced;  production  costs  are 
reduced.  The  cermet  magnets  are  preducei 
in  varied  shapes,  varying  sizes,  weights  to  several  Kilograms.  Cermet 
mangnetic  systems  are  also  produced  consisting  of  permanent  magnets 
connected  to  pole  terminals,  magnetic  screens,  etc.  (Fig.  1).  The  group¬ 
ings  and  basic  properties  of  the  cermet  magnets  are  given  in  the  table. 
The  cermet  magnets  have  a  structure  typical  of  the  cast  alleys  cf  ana¬ 
logous  chemical  composition,  sometimes  differing  in  higher  poiosity  and 
finer  grain.  The  cermet  magnets  with  hig  porosity  (above  2- 35^)  are  in¬ 
ferior  to  cast  magnets  in  magnetic  properties.  The  variation  of  th®  mag¬ 
netic  characteristics  of  the  cermet  magnets  as  a  function  of  porosity 
(P,  ji)  is  described  by  the  empirical  equations: 


Fig.  1.  Cermet  magnets 
made  from  alloys  of  the 
Fe-N1,A1  system  (on  the 
right  —  magnetic  systems, 
magnets  indicated  by 
arrow). 


II-76M1 

where  (ergs/cm^)  and  (gausses)  are  respectively  the  maximal 

magnetic  energy  and  the  residual  induction  of  the  cermet  mangets, 
and  are  the  same  characteristics  for  magnets  without  porosity. 


Fig.  2.  Variation  of  magnetic  flux  of  cermet  magnets  with  tLme  (at  20®) 
1)  Alnl  13-25-4:  2)  Alnico  10-17-12.5;  3)  magnlco  8-] 5-4  (all  aged  by 
5^);  4)  Alni;  5)  Alnico;  6)  magnico;  7)  Co-Pt  alloy;  8)  Cunico  48-23-29 
alloy  (all  unaged),  a)  Mangetic  flux,  jo\  b)  time,  days. 

Usually  there  are  3-5^  pores  in  the  cermet  magnets;  when  the  por¬ 
osity  is  reduced  to  about  ~1^  the  cermet  magnets  are  equivalent  to  the 
cast  varieties  in  magnetic  properties.  Cermet  magnets  with  properties 
of  the  cast  magnets  may  be  obtained  by  additional  alloying  of  the  cer¬ 
met  alloys  with  special  additives  (cobalt,  zirconium,  etc. ).  Aging  by 
3-5^  provides  high  timewise  stability  of  the  magnetic  flux  (Fig.  2). 
Thanks  to  the  fine-grain  structure,  the  cermet  magnets  made  from  alloys 
of  the  system  Fe  -  Ni  -  A1  exceed  the  cast  magnets  in  mechanical  stren¬ 
gth  by  several  fold.  The  cermet  magnets  of  this  system  have  the  follow- 

ing  ultimate  strengths:  in  tension  10-15  kg/mm  ,  in  compression  120-150 

2  2 

kg/mm  ,  in  bending  30-40  kg/mm  .  Cermet  magnets  made  from  the  wrought 
alleys  (Cunlfe  and  others)  are  approximately  equivalent  to  the  magnets 
in  mechanical  strength.  The  cermet  magnets  made  from  alloys  of  the 
system  Fe  —  Nl  —  A1  are  easily  ground  with  abrasives,  also  permit 
machining  after  preparatory  sintering. 

The  second  group  includes  the  metalloplastic  magnets  which  are 
pressed  from  prepared  hard  magiietic  alloy  powder  mixed  with  resin. 

These  magnets  consist  of  fine  hard  magnetic  particles  bound  by  inter- 
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Composition  and  Properties  of  Cermet  Permanent  Magnets'* 


rpyon* 
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(BoAfe^paMo-KoCwAfcToiiBii  rpyiiiia) 
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UBaO:  8CFc.O, 
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^Limiting  or  average  property  values  shown. 

♦■^At  point  of  magnetization  curve  corresponding  to 

(®-H)max- 

***In  field,  H  =  4BHc. 

****Anlsotroplc  material. 

1)  Group;  2)  material;  3)  chemical  composition  {%);  4)  residual  induc¬ 
tion  B  (gausses);  5)  coercive  force  H  (oetsteds);  6)  maximal  magnetic 
r  q  ^  ? 

energy  W  (ergs/cm^);  7)  magnetic  induction  B. (gausses);  8)  magnetic 


field  intensity‘‘  H,  (oersteds);  9)  reversible  permeability  coefficient 
p,  (gauss/oersted)?  10)  magnetization  intensity^  47rl  (gausses);  11)  den¬ 
sity  7  (g/cnP);  12)  Alni;  13)  alnico;  l4)  inamlco4;  15)  cermet  mamets; 
16)  alloy;  17)  cunife;  lo)  cunlco,  19)  metalloplastic  magnets;  20)  bar¬ 
ium  ferrite;  21)  fine  powder  magnets;  22)  oxide  magnets;  23)  vectollte; 
24)  barium  ferrite. 


layers  of  resin  or  other  bonding  material.  Becuase  of  the  high  binder 
content  (25-30  percent  by  weight)  they  have  low  magnetic  properties, 
but  they  surpass  magnets  of  the  other  groups  in  simplicity  of  the 
production  process.  The  third  group  includes  the  magnets  pressed  from 
high  coercivity  powders,  whose  particles  approach  the  ferromagnetic 
domain  in  magnitude.  The  fourth  group  includes  magnets  made  from  pow¬ 
ders  of  the  metal  oxides.  As  a  result  of  the  high  coercive  force,  the 
oxide  magnets  made  from  barium  ferrite  have  outstandingly  high  resls- 
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tance  to  demagnetization  under  the  influence  of  heating,  impact  and  ex¬ 
ternal  magnetic  fields.  They  also  have  exceptionally  high  specific 
electrical  resistance  (about  10  ohm-mm  /m).  Their  disadvantage  is  the 
high  thermal  coefficient  of  induction  (-0.2  percent  per  l^C).  The  ulti¬ 
mate  bending  strength  of  the  magnets  made  from  barium  ferrite  is  7-11 
kg/mm  (isotropic  magnets)  and  3-^  kg/mm  (anisotropic  magnets).  After 
complete  sintering  these  magnets  can  only  be  worked  by  grinding,  but 
after  pressing  or  preliminary  sintering  at  moderate  temperature  ‘♦‘hey 
can  be  machined  easily.  The  cermet  magnets  are  used  in  instruments, 
radio  telephone  apparatus,  electrical  machines  and  other  devices.  Wid¬ 
est  usage  is  made  of  the  cermet  magnets  made  from  alloys  of  the  system 
Pe  —  Ni  —  A1  and  the  oxide  magnets  made  from  barium  ferrite. 

References:  Zaymovskiy  A.S.  and  Chudnovskaya  L.A.,  Magnltnyye 
materialy  (Magnetic  Materials),  M.L. ,  1957  (Metally  i  splavy  v  elek- 
trotekhnike,  t.  1)  (Metals  and  Alloys  in  Electrical  Engineering,  Vol. 
1);  Al'tman  A.B.,  Metallokeramichesklye  postoyannyye  magnlty  (Cermet 
Permanent  Magnets),  in  book:  Poroshkovaya  metallurglya  (Powder  Metal¬ 
lurgy),  Yaroslavl',  1956j  Al'tman  A.B.,  Gladyshev  P.A.  and  Basis  G.I., 
Magnltnyye  svoystva  postoyannykh  magnitov  iz  poroshkov  (Magnetic  Prop¬ 
erties  of  Permanent  Magnets  Made  from  Powders).  Vestin.  elektropromy- 
shlennosti  (News  of  the  Electrical  Industry),  196I,  No  2;  Gershov 
I.Yu.  Cheryskly  I.A.,  Oksidnyye  postoyannyye  magnlty  Iz  bariyevogo  fer- 
rlta  (Oxide  Permanent  Magnets  of  Barium  Ferrite),  in  book:  Electro- 
tekhnlchesklye  metallokeramichesklye  izdeliya  (Electrical  Cermet  Prod¬ 
ucts),  M. ,  1959;  Shol'ts  N.N.,  Shchepkina  L.Ya.,  Metod  izgotovleniya 
1  svoystva  oksidnykh  bariyevykh  magnitov  (Method  of  Production  and 
Properties  of  Oxide  Barium  Magnets),  in  book:  Ferrity.  Pizicheskiye  i 

fiziko-khimicheskiye  svoystva  (Ferrites.  Physical  and  Physico-Chemical 
Properties),  Minsk,  i960. 

A.B.  Al'tman 
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CEBMET  SLIP  -  Is  a  concentrated  suspension  of  hlgh-dlsperse  pow¬ 
ders  of  various  metals,  oxides  or  high-melting  compounds.  It  is  used 
to  cast  cermet  objects  which  have  a  complex  configuration.  Depending 
on  the  composition  of  the  fluid  (the  dispersing  medium),  there  are 
aqueous  or  organic  cermet  slips.  In  the  first  case,  the  slip  is  a  sus¬ 
pension  of  the  above-mentioned  powders  in  water.  In  the  latter  case, 
high-molecular  thermoplastic  organic  substances,  mainly  hydrocarbons  of 
the  paraffin  series  (commercial  paraffin  or  paraffin-based  melts)  are 
the  dispersing  medium  with  a  t®^  higher  than  50®. 

Depending  on  the  chemical  nature  of  the  dispersing  medium,  2  prin¬ 
cipal  methods  are  used  for  slip  casting.  The  method  of  casting  ob¬ 
jects  by  means  of  aqueous  slips  is  based  on  the  fact  that  the  suspen¬ 
sion  is  desiccated  when  it  contacts  a  water-absorbing  porous  body,  i. 
e. ,  the  water  is  sucked  off  by  this  body,  and  the  separated  disperse 
(solid)  phase  is  tightened  and  forms  a  solid  body  (the  casting).  The 
slip  casting  consists,  in  the  case,  of  sucking  off  the  water  of  the 
slip  mold  due  to  capillary  effects  by  a  dry  porous  (usually,  plaster), 
the  disperse  phase  becoming  gradually  tightened  and  forming  the  cast¬ 
ing.  The  obtained  casting  is  dried  and  further  sintered  in  the  same 
manner  as  that  of  pressed  objects. 

The  method  of  casting  organic  slips  is  based  on  the  fact  that  the 
dispersing  medium  (molten  paraffin  in  the  given  example)  solidifies  at 
a  temperature  lower  than  50®,  and,  therefore,  the  whole  body  becomes 
solid.  Hence,  the  cermet  slip  poured  into  the  mold  and  cooled  below  the 
temperature  mentioned  above,  forms  a  solid  body  (the  object).  The  sln- 
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terlng  Is  carried  out  under  a  covering  powder  (alumina,  for  example) 
or  In  solid  profiled  absorbers  (dryers)  in  order  to  remove  the  organic 
components  and  to  prevent  a  deformation  of  the  objects.  The  removal  of 
the  organic  substances  Is  carried  out  at  300-700®  In  an  oxidizing  med¬ 
ium,  after  which  the  objects  are  sintered  under  the  conditions  u.';ual 
for  pressed  objects. 

The  suspensions  tend  to  sedlmentate,  i.e.,  the  solid  phase  precip¬ 
itates  due  to  gravity,  and  this  occurs  the  quicker  the  height  of  the 
specific  gravity  and  the  coarser  the  particles.  The  particles  of  the 
solid  phase  must  not  be  greater  than  5-8  microns,  in  order  to  achieve 
a  sufficient  stability  of  the  suspension.  The  suspensions  are  charac¬ 
terized  also  by  a  tendency  to  aggregate,  i.e.,  the  particles  of  the 
solid  phase  precipitate  not  separately  but  In  the  form  of  aggregates 
composed  from  a  great  number  of  particles.  The  sedimentation  of  suspen¬ 
sions  which  tend  to  aggregate  occurs  quickly j  such  suspensions  are  not 
suitable  for  slip  casting,  and  therefore  suspensions  used  for  slip 
casting  are  prepared  by  the  addition  of  stabilizing  substances.  Alka¬ 
lis,  acids,  soaps,  protective  colloids  and  some  other  substances  are 
used  as  stabilizers  of  aqueous  slips. 

The  pH  of  the  medium,  I.e.,  the  concentration  of  the  hydrogen  Ions, 
has  an  Immediate  effect  on  the  casting  properties  of  aqueous  slips.  The 
viscosity  and,  therefore,  also  the  fluidity  of  the  slip  may  be  control¬ 
led  by  changing  this  factor,  for  example,  by  adding  microquantities  of 
NaOH.  Curves  of  viscosity  as  a  function  of  the  pH  are  shown  in  Figs. 

1  and  2  for  aqueous  suspensions  of  nickel  and  Iron.  The  stabilization 
of  organic  cermet  slips  Is  achieved  by  the  addition  of  hlgh-vlscous 
organic  compounds,  with  polyethylene,  for  example,  by  lowering  the  tem¬ 
perature,  or  by  the  addition  of  surface-active  substances.  The  casting 
of  organic  cermet  slips  Is  carried  out  under  pressure  or  In  open  molds, 
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depending  on  the  size  of  the  objects  and  their  purpose. 


.  n  n  m  liAiUTii 
A  m 


Pig.  1.  Viscosity  of  an  aqueous  nickel  suspension  as  a  function  of  the 
pH  of  the  medium.  Quantity  of  solid  phase  In  the  suspension  (In  weight- 
1)  82. 7j  2)  80.6;  3)  78*7;  4)  76.9-  A)  Viscosity,  t).  In  poises. 


Fig.  2.  Viscosity  of  an  aqueous  Iron  suspension  as  a  function  of  the 
pH  of  the  medium.  Quantity  of  solid  phase  In  the  suspension  (In  welght- 
1)  87.7;  2)  85. 5i  3)  83.3.  A)  Viscosity,  t).  In  poises. 


References;  Abramson,  I.D. ,  Vovaya  tekhnologlya  Izgotovlenlya  ker- 
amlchesklkh  sterzhney  dlya  tochnogo  llt’ya  pustotelykh  detaley  po  vy- 
plavlyavemym  modelyam  [New  Technology  of  Preparation  of  Ceramic  Rods 
for  the  Precise  Casting  of  Hollow  Objects  Using  Cast  Patterns],  Moscow, 
1958;  Avgustlnlk,  A. I.,  Keramlka  [Ceramics],  Moscow,  1957. 

I.D.  Abramson 
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CHAFER  —  is  a  nonf Inlshed  technical  cotton  fabric  with  plain  weave. 
It  Is  manufactured  In  both  warp  and  weft  from  a  yarn  No.  17 A. 

Chafer  Is  manufactured  In  the  following  widths:  article  208l  with 
a  width  of  l46j  150,  160,  and  I67  t  2-3  cm;  article  2086  with  286  ± 

±  3  cm;  article  2090,  Impregnated,  with  112  ±  3  cm. 

The  raw  fabric  Is  manufactured  according  to  GOST  642-41,  the  Im¬ 
pregnated  fabric  according  to  VTU  2223-53* 

2 

The  weight  of  1  m  chafer  is  500  ±  25  g.  The  breaking  load  of  a 
50  X  200  m  strip  is  at  least  730  kg  along  both  the  warp  and  the  weft. 

The  thickness  of  the  fabric  Is  1.1  ±  0.08  mm.  When  the  standard 
strength  Is  maintained,  the  elongation  amounts  to  26  ±  1%  along  the 
warp,  and  14  ±  2?^  along  the  weft.  The  length  of  one  piece  is  at  least 
42  m. 

Great  quantities  of  chafer  are  used  In  the  tire  Industry  to  rein¬ 
force  the  borders  of  the  tire  treads,  and  in  the  manufacture  of  fen¬ 
ders,  Eind  —  in  the  Industry  of  technical  rubberware  -  in  the  manufac¬ 
ture  of  rubberized  plptes  and  hose'- . 

Chafer  In  raw  state  or  also  Impregnated  with  diverse  compositions 
inhibiting  the  adhesion  to  rubber  Is  used  In  the  manufacture  of  rubber- 
ware  as  a  packing  material.  Raw  chafer  Is  used  for  ligatures. 

S.Ye.  Strusevlch 
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_  I 

CHAIN’ STEEL  •“  Is  a  Martin  steel  of  the  St.3Ts  grade  used  In  the  S 

manufacture  of  chain-cables  and  other  chains  by  forge  welding.  The  • 

chemical  composition  Is;  carbon,  0.3-0.6j^  manganese,  traces  of 

silicon,  sulfur,  ^0.045^  phosphorus,  j^0.035f  nickel,  and  ^0.  IJi 

chromium.  The  chain  steel  Is  manufactured  according  to  GOST  92^-51# 
and  Is  used  mainly  In  ship  building,  =  37-^5  kg/mm^;  The 

tensile  strength  of  the  welded  Joints  must  be  not  less  than  SOJ^  of  the 
Initial  strength  of  the  metal.  Chain  steel  must  possess  a  fair  degree 
of  plasticity  which  Is  tested  by  bending  a  cold  specimen  l80*  around  a 
mandrel,  the  diameter  of  which  Is  equal  to  the  half  diameter  (or  thick¬ 
ness)  of  the  specimen. 


M.L.  Bernshteyn 


II-67M 


CHALK  Is  8J1  earthy,  pasty  white  mineral  consisting  almost  exclus¬ 
ively  of  calcium  carbonate  (often  up  to  995^)*  Many  engineering  proper¬ 
ties  of  chalk  are  determined  by  its  structure.  Chalk  consists  of  spher¬ 
ical  and  irregular  particles  of  diameter  less  than  10  microns  (on  the 
average  three  microns),  very  weakly  cemented  together.  Specific  weight 
is  2.65-2.70.  Heat  capacity  is  0.20^  cal/g-deg.  Thermal  conductivity  is 
0.00065  cal/sec-cm-deg.  Dissociation  temperature  is  925“.  Mohs  hardness 
is  less  than  1.  In  addition  to  completely  white  chalk  (Ostwald  white¬ 
ness  75-905^)»  yellowish  (Fe  oxide  impurities)  or  grayish  (clayey  impur¬ 
ities)  chalks  are  encoun-cered  less  frequently.  After  removal  of  the 
natural  moisture,  chalk  absorbs  no  more  than  0.  35^  of  the  moisture  from 
the  air.  In  an  aqueous  medium  chalk  is  easily  dispersed  to  complete 
passage  through  a  sieve  with  10,000  openings  per  square  centimeter.  For 
use  In  the  paint  and  lacquer  industry  ther  is  great  importance  in  the 
high  covering  power  (average  chalk  consumption  0.25  kg/m  )  and  the  high 
oil  absorption  (oil  consumption  to  obtain  pastes  with  chalk  is  20-255^ 
of  the  weight  of  the  dry  chalk).  Commercial  chalk  may  be  in  lump  form, 
more  convenient  for  transport,  oj^d  in  powder  form.  Depending  on  the 
method  of  pulverization  chalk  in  powder  form  is  divided  into  ground 
(dry  disintegratlcn)  and  technical  (wet  disintegration).  Grourd  chalk 
is  obtained  by  grinding  on  crusher  mills  and  screening  on  grading  scre- 
e.ns  or  in  more  advanced  grinding  equipment  with  impact  action  —  disin¬ 
tegrators;  technical  chalk  is  obtadned  by  elutrlation  or  flotation.  It 
is  used  in  1)  the  paint  end  lacquer  Industry  (white  pigment),  2)  the 
rubber,  paper  Industries  and  in  the  production  of  plastics,  etc.  (inert 
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white  filler).  The  high  covering  power  and  the  white  color  of  chalK  is 
used  in  water-soluble  paints  (gelatine,  casein,  etc.);  in  these  paints 
chalk  is  a  basic  white  pigment  or  a  bleaching  agent  for  any  colored 
pigments,  and  also  is  used  as  a  filler  for  the  ground  coats.  Softness 
and  wearability  lead  to  the  use  of  chalk  as  a  writi.ng  material.  In  the 
rubber  Industry  use  is  made  of  activated  floated  chalk  to  strengthen 
the  rubber;  used  as  a  paper  filler,  chalk  imparts  greater  density,  whi¬ 
teness,  smoothness,  receptivity  to  printing,  lower  transparency.  As  a 
chemical  and  structural  raw  material  chalk  may  be  replaced  by  other 
calciferous  minerals.  Chalk  is  used  in  the  sugar  industry  to  purify 
sugarbeet  Juice,  as  a  binding  agent  (lime  andportland  cement),  in  glass 
manufacture,  in  the  production  of  silicate  brick,  as  a  polishing  cc«n- 
pound  material  end  for  the  production  of  electrode  coatings  (electric 
arc  'A'elding). 

Reference;  Trebovaniya  proayshlennosti  k  kachestvu  mineral *nogo 
syr'ya  (Industry  Requirements  for  Quality  of  Mineral  few  Materials), 
edition  6  -  Ivanov  A, I.,  Mel  (Chalk),  M. -L. ,  19^6. 

P.  P.  atolln 


I-85V 


CHEMICAL  FIBER  —  fiber  obtained  by  chemical  processing  of  natural 
or  synthetic  high-molecular  compounds.  Depending  on  the  composition  of 
the  polymer  used  for  their  production,  chemical  fibers  are  divided  into 
2  groups:  artificial,  that  is,  from  natural  high-molecular  compounds 
(cellulose  and  its  esters,  proteins,  etc.  )  and  synthetic,  that  is  those 
made  from  synthetic  polymers.  Hie  extensive  development  of  the  chemical 
fiber  industry  is  due  to  the  high  economic  efficiency  of  production, 
accessibility  of  the  starting  raw  materials,  possibility  to  obtain  pro¬ 
ducts  with  previously  specified  properties  and  substantial  expansion  of 
the  assortment  of  products  which  can  be  obtained  from  this  raw  material. 
Chmical  fibers  are  produced  in  the  form  of  filament  thread  or  cord 
thread  (twisted  elementary  strands  of  infinite  length),  staple  fiber 
(nontwlsted  elementary  strands  from  30  to  150  ram  long)  and  monofiber 
(thread  consisting  of  a  single  fiber  of  infinite  length). 

References:  Rogovin,  Z.A, ,  Osnovy  khimli  i  tekhnologll  prolzvodstva 
khimichesklkh  volokon  [Fundamentals  of  the  Chemistry  and  Technology  of 
Chemical  Fiber  Production].  2nd  edition,  Moscow,  1957;  "KhV, "  [Chemical 
Fibers],  No.  1,  page  1,  I96I. 

Z.A.  Zazulina 
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CHEMICAL  FIBER  -  fiber  obtained  by  chemical  proceceing  of  natural 
or  synthetic  high-molecular  compounds.  Depending  on  the  composition  of 
the  polymer  used  for  their  production,  chemical  fiberc  are  divided  into 
2  groups;  artificial,  that  is,  from  natural  high-molecular  compounds 
(cellulose  and  its  esters,  proteins,  etc.  )  and  synthetic,  that  is,  thos 
made  from  synthetic  polymers.  The  extensive  development  of  the  chemicsi 
fiber  industry  is  due  to  the  high  economic  efficiency  of  production, 
accessibility  of  the  starting  raw  materials,  possibility  to  obtain  pro¬ 
ducts  with  previously  specified  properties  and  substantial  expansion 
the  assortment  of  products  which  can  be  obtained  from  this  raw  material 
Chemical  fibers  are  produced  in  the  form  of  filament  thread  or  cord 
thread  (twisted  elementary  strands  of  infinite  length),  staple  fiber 
(nontwisted  elementary  strands  from  30  to  ram  long)  and  monofiber 
(thread  consisting  of  a  single  fiber  of  infinl^,c  length). 


References:  Rogovln,  Z.A.  C.novy  khimii  i  teKhnologii  proisvod.  /; 
.ichimichesklkh  volokon  [Fundamentals  of  the  C.hemistry  and  Technology  jf 
Chemical  rlber  P.-oductioHj.  2nd  edltio.n,  Moscow,  lf5  .’;  "K}'.V, "  [  Chicml  .1. 
Fibers],  .No.  1,  page  1,  lyol. 
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CHByilCAL-LABORATORY  GLASS  —  glass  which  has  a  high  chemical  and 
thermal  stability  and  does  not  become  cloudy  when  treated  in  a  glass- 
blowing-burner  flame. 

The  following  req’lrements  vare  imposed  on  this  type  of  glass:  a 
low  tendency  toward  crystallization  over  a  broad  temperature  range, 
lack  of  roughness  during  manufacture  and  subsequent  glass-blowlng- 
bumer  treatment  in  gaseous  reducing  and  oxidizing  media,  high  chemical 
resistance  to  various  reagents  and  aggressive  media,  a  low  coefficient 
of  linear  expansion,  and  workable  vitreous-mass  characteristics  at  low 
temperatures.  Chemical-laboratory  products  should  not  be  subject  to 
destructive  surface  cracking  on  severe  heating  and  cooling.  The  chief 
components  of  chemlcal-I  'ratory  glass  are  SIO^,  Al^O^,  ^rOg, 

ZnO,  CaO,  MgO,  BaO,  NagO,  and  KgO.  Class  with  a  definite  composition 
and  a  given  set  of  characteristics  is  usad,  depending  on  the  purpose 
of  the  product.  Chemical-laboratory  glass  is  Intended  for  the  manufac¬ 
ture  cf  articles  of  varying  shape  and  capacity  and  for  a  number  of  in¬ 
struments  widely  employed  in  the  laboratory.  Chemical-laboratory  pro¬ 
ducts  include  beakers,  flasks,  cylinders,  pyknometers,  desiccators, 
crystallizers,  covers,  condensers,  boxes,  glass  filters,  and  funnels. 

A  number  of  glass  formulations  are  utilized  in  the  manufacture  of  Klin¬ 
ger  glasses,  hlgh-hot-strength  household  articles,  vacuum  meters,  vis¬ 
cosity  meters,  gas  analyzers,  equipment  for  distilling  various  liquids, 
etc.  Chemical-laboratory  glass  is  also  used  to  produce  glass  filters 
(porous  disks  or  plates  fused  into  glass  cylinders  or  funnels)  and  wa¬ 
ter  glasses  in  the  form  of  thick-walled  tubes  and  flat  Klinger  glasses, 
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which  are  Intended  for  measuring  the  water  level  In  low-  and  high-pres¬ 
sure  steam  boilers.  Boroslllcate  glass  with  a  low  alkali-oxide  content 
Is  used  for  water-measuring  tubes  meant  to  withstand  pressures  of  up  to 
35  atm,  while  high-alumlnoborosilicate  and  boroslllcate  glasses  with 
minimal  alkali-oxide  contents  arc  used  for  high-pressure  boilers. 

References ;  Tekhnologlya  stekla  [Glass  Technology],  edited  by  I. I. 
Kitaygorodskiy,  3rd  Edition,  Moscow,  196lj  Izdeliya  steklyannyye  khlm- 
Iko-laboratornyye  [Glass  Chemical- Laboratory  Products],  Official  Edi¬ 
tion,  Moscow,  i960  (SSSR,  Gos.  standarty  [USSR,  State  Standards]). 

G.G.  Sentyurln 
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CHEMICALLY  RESISTANT  LACQUER  AND  PAINT  COATINGS,  coatings  based  on 
the  perchlorvinyl ,  epoxy,  organo-fluorlne  and  phenolic  resins,  and  also 
polyethylene,  the  copolymer  of  vinyl  chloride  and  vlnylldene  chloride, 
chlorinated  rubber,  and  others,  are  resistant  to  the  action  of  chemi¬ 
cally  aggressive  media.  Almost  all  the  chemically  resistant  coatings 
have  tlme-llmlted  resistance  to  the  highly  concentrated  acids  (particu¬ 
larly  to  HNO^)  and  to  the  alkalis.  The  chemically  resistant  coatings 
are  used  primarily  for  protection  from  the  long-term  or  periodic  action 
of  the  unconcentrated  acids,  alkalis,  solutions  of  salts  and  Industrial 
gases  (SOg,  HCl,  CO2  and  others),  and  only  In  certain  cases  are  they 
used  for  short-term  protection  from  the  action  of  the  highly  concen¬ 
trated  acids.  The  chemical  resistance  of  the  chemically  resistant  coat¬ 
ings  does  not  In  Itself  determine  their  suitability  for  the  protection 
of  particular  metals.  The  most  Important  factors  which  characterize  the 
protective  effect  of  the  chemically  resistant  coatings  are  their  adhe¬ 
sion  with  the  surface  being  protected  and  their  permeability  for  the 
aggressive  media.  With  Increase  of  the  temperature  of  the  chemical  me- 
ilum,  the  protective  properties  of  the  chemically  resistant  coatings 
are  reduced  considerably.  These  coatings  are  applied  In  several  layers 
In  order  to  obtain  a  continuous  (pore-free)  coating.  In  order  to  create 
good  bonding  with  the  coatings,  the  surfaces  of  the  ferrous  metals  are 
subjected  to  hydro  sandblasting  or  shot  blasting  and  are  then  phospha- 
tlzed,  while  the  nonferrous  metals  are  chemically  or  electrochemlcally 
oxidized.  In  the  case  of  the  application  of  multi-layer  coatings,  the 

continuity  of  the  coating  Is  verified  periodically.  The  drying  tempera- 
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ture  Is  of  essential  Importance;  with  Increase  of  the  temperature  there 
Is  Improvement  of  the  stability  of  the  coatings  In  the  aggressive  media. 

The  surface  being  painted  Is  smoothed  off  with  the  PKhVSh-23 
spackle  (for  weakly  acid  media)  or  with  the  epoxy  prlmer-spackles 
E-4021  and  E-4022  (for  an  alkaline  medium). 

As  a  rule,  after  preparation  the  chemically  resistant  coatings  are 
applied  by  a  paint  sprayer  In  several  coats  on  the  corresponding  pri¬ 
mers.  To  Increase  the  protective  effect,  several  layers  of  the  KhSL  or 
VKhL-4000  lacquer  are  applied  on  the  KhSE  and  VKhE  chemically  resistant 
coatings..  Prior  to  use  of  the  painted  articles  they  are  air-dried  for 
5-7  days. 

The  highest  resistance  to  many  aggressive  media,  in  particular  to 
highly  concentrated  nitric  acid.  Is  shown  by  the  coatings  based  on 
polychlortrlfluorethylene  which  withstands  without  change  the  attack  of 
98^  nitric  acid  at  50°  for  30  days.  Polychlortrlfluorethylene  is  used 
as  a  coating  In  the  form  of  a  suspension  consisting  of  a  suspension  of 
the  fine-ground  product  In  organic  liquids.  The  suspension  Is  applied 
by  dipping,  brushing  or  by  a  paint  sprayer.  After  volatilization  of  the 
solvent,  there  remains  on  the  surface  the  dry  polymer.  In  order  to  ob¬ 
tain  a  continuous  layer  of  the  polymer  the  dried  layer  is  fused.  Prior 
to  fusing  the  polymer  is  heated  for  10  minutes  at  260-275°.  In  order  to 
obtain  complete  continuity,  8-10  coats  are  applied  with  a  total  thick¬ 
ness  of  80-120  microns.  After  application  and  fusion  of  the  last  coat, 
the  coating  Is  subjected  to  water  quench.  The  coating  quality  depends 
to  a  considerable  degree  on  the  surface  preparation.  In  addition  to 
polychlortrlfluorethylene  use  Is  made  of  the  copolymers  of  chlortrl- 
fluorethylene  with  vlnylldene  fluoride,  which  dissolves  well  In  many 
solvents.  On  the  basis  of  these  copolymers  we  obtain  lacquer/palnt  ma¬ 
terials  which  h=!ve  high  resistance  to  many  aggressive  media. 
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References;  Lyubimov  B.V. ,  Spetslal 'nyye  lakokrasochnyye  pokrytlya 
V  mashlnostroyenll  [Special  Lacquer  and  Paint  Coatings  In  Machine  Con¬ 
struction],  M.-L.,  1959i  Kazln  A.D. ,  Korzln  N.V. ,  Okraska  oborudovanlya 
1  metal lokonstrukt sly  na  khlmlchesklkh  zavodakh  [Painting  Equipment  and 
Metal  Structures  In  Chemical  Plants],  M.-L.,  19^9;  Chegodayev  D. D. , 
Ptoroplasty  [Fluorine  Plastics],  L. ,  1956. 

I. I.  Denker 
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CHILLED  IRON  —  Is  an  Iron  casting  with  a  zonal  structure;  Its 
structure  zone  consists  of  white  iron  or  mottled  iron  up  to  a  certain 
depth  (given  by  the  technical  specifications),  and  the  core  consists 
of  gray  iron;  the  surface  zone  and  the  core  are  joined  by  a  transition 
zone  (cementite  +  graphite).  Chilled-iron  castings  are  subdivided  into: 
hard  castings  in  which  almost  the  whole  carbon  content  of  the  surface 
zone  is  bound  as  carbides,  forming  white  iron;  medium  hard  castings, 
the  surface  zone  of  which  contains  the  carbon  partially  as  graphite, 
and  partially  as  carbides,  forming  mottled  iron. 

Chilled  iron  is  used  in  the  manufacture  of  parts  which  are  exposed 
to  wear,  mainly  for  the  production  of  rollers  foi'  various  purposes, 
and  for  similar  parts  (mill  rollers,  rollers  for  the  equipment  of  the 
palnt-and-varnish  industry  and  paper  industry,  etc.).  The  chilled  roll¬ 
ers  are  casted  from  medium-alloy,  low-alloy,  and  non-alloyed  cast  iron 
which  may  be  both  nonmodlfied  or  modified,  with  lamellar  or  spheroidal. 
graphite  (see  Modifying  of  cast  iron). 

The  chilled  zone  of  chilled-iron  castings  is  obtained  by  an  accel¬ 
erated  cooling  of  those  surfaces  which  must  be  chilled.  Thus,  for  exam¬ 
ple,  the  chilled  zone  on  the  body  of  the  rollers  is  obtained  by  cast- 
iron  chill  molds  placed  in  the  middle  part  of  the  mold;  the  chill  molds 
may  be  grooved  and  detachable  along  a  vertical  plane  for  grooved  roll¬ 
ers,  and  smooth  for  rollers  with  a  smooth  body.  The  journals  of  the 
rollers  are  cast  in  dry-sand  molds.  The  melting  of  the  cast  iron  is  us¬ 
ually  carried  out  in  flame  furnaces  in  the  case  of  large  rollers,  and 
in  cupola  furnaces  in  that  of  small  rollers.  The  molds  for  casting 
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double-layer  rollers  (chilled  Iron-steel)  are  provided  with  vents  on 
the  level  of  the  upper  Journal  end  to  pour  off  the  liquid  chilled  Iron 
which  Is  pressed  out  when  the  steel  Is  rinsed  by  cast  iron. 

Double-layer  rollers  are  used  for  the  hot-rolling  of  steel;  the 
outer  layer  of  these  rollers  consists  of  low-alloy  chilled  Iron  (about 
1  85^  Mn  and  Cr)  and  the  core  consists  of  steel  with  0.k%C. 

Modifying  improves  the  distribution  of  the  lamellar  graphite  in 
the  core  and  reduces  the  depth  of  the  chilled  and  the  transition  zones. 
Addition  of  0. 0002-0. 0006$^  tellurium  Into  the  ladle  increases  the  depth 
of  the  chilled  zone  and  reduces  at  the  same  time  that  of  the  transition 
zone  The  internal  stresses  caused  by  the  different  cooling  rate  of  the 
various  zones  of  chilled-iron  castings  may  be  avoided  by  cooling  the 
castings  (rollers,  for  example)  in  the  mold  up  to  5O-IOO®  and  subse¬ 
quent  storage  for  6-12  months,  or  by  heating  up  to  500-550®  and  subse¬ 
quent  slow  cooling. 

Rollers  of  chilled  iron  with  spheroidal  graphite  came  In  use  at 
the  beginning  of  the  50’s  of  the  20th  Century.  The  chemical  composition 
of  this  chilled  Iron  Is  characterized  primarily  by  an  Increased  sili¬ 
con  content,  and  Its  structure  Is  characterized  by  small  coagulations 
of  spheroidal  graphite  In  the  outer  zone;  the  outer  and  the  transition 
zones  have  a  great  depth. 

Rollers  of  chilled  iron  containing  spheroidal  graphite  may  be  manu¬ 
factured  with  various  structures  in  the  metal  base  of  the  central  zone, 
depending  on  the  purpose  of  the  rollers:  those  with  a  pearllte-ferrltlc 
structure  may  be  used  In  place  of  steel  rollers;  those  with  a  pearlitlc 
structure  In  place  of  steel  rollers  or  rollers  of  medium-hard  cast  Iron; 
those  with  a  pearllte-cementltlc  structu'e  In  place  of  rollers  of  med¬ 
ium-hard  cast  Iron.  Rollers  of  cast  Iron  with  spheroidal  graphite  and 
an  aclcular  structure  of  the  metal  base,  obtained  by  alloying,  are  also 
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manufactured.  The  chemical  composition  of  chilled  iron  is  quoted  In  the 
Tables  1-3* 

TABLE  1 


Chemical  Composition  of  Chilled  Iron  with  Lamellar 
Graphite  Smelted  in  Flame  Furnaces  (for  metallurgi¬ 
cal  rollers) 
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12 

0,4  — h. 7 

no  0,8 

0 .  S 
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Nue 

no  .1 .  .1 

!  ~ 

1 
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♦Smooth  rollers  obtained  by  substitution  of  low-alloy 
iron  for  medium-alloy  iron  in  the  non-solldlf led  core; 
the  outer  zone  has  a  carbide-martens Itlc  structure. 

1)  Rollers;  2)  percentage  of  elements;  3)  not  more  than;  U)  depth  of 
the  chilled  zone  (mm);  5)  shore  hardness;  6)  for  sheet  rolling;  7) 

7)  double-layer*  rollers;  8)  outer  layer;  9)  core;  10)  medium-hard  low- 
alloy;  11)  me  Hum-hard  non-alloyed;  12)  up  to. 

TABLE  2 


Chemical  Composition  of  Chilled  Iron  with  Lamellar 
Graphite  for  Rollers  Used  for  Rolling  of  Non-Metal- 
11c  Materials 


1  1 

1  ^ 

1  ConopwoMNe  sjicmoirroa  (f;) 

rnTllHoi 

orflenw 

(Ml 

— r* 

Xiep.iocTfc 

no  mopr 

C.  i  I 

«»l«'  ■  ' 

3  ' 

^  Mn 

1 

P  1  s 

!  Cr  1  N1 

i  1 

||  Ilf  Boifo  1 

^Oe/ieimwf 

JTojiyriiepiiMe 

jTn  HiC  Ha  J1C-  1 

f  rnpoi.  My- 
ryim 

0.4-u.K 

1.  '.  {  H.4-G.R  1 

( 

1,0  j  ||,8-|,.-,  j 

I  n . 2—0,8 

no  1 .  ii 

10  1 
.10  0 ,  .1  j 
-10  -  ' 

0,55 

0..1 

1 

0 .  r« 

•*.  1  4 

0.14 

0.0-1 .0 

0.0  — 1.2  1 

20-tl) 

60-68 

32-15 

15-10 

1)  Rollers;  2)  percentage  of  elements;  3)  maks;  4)  not  more  than;  5) 
depth  of  the  chilled  layer  (mm);  6)  shore  hardness;  7)  chilled;  o)  med¬ 
ium-hard;  9)  the  same  of  alloyed  cast  Iron;  10)  up  to. 
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TABLE  3 


Chemical  Composition  of  Chilled  Iron  with  Spheroidal 
Graphite  (for  section-mill  rollers  according  to  ChMTU 
4893-54) _ _ _ 

I  2  CAMpMCAHM  MSMirm*  (%)  I 


Baahii 


Kpynnoeo|miw«  .  5. 

^0  m$  u  ipoMOfmi^ 
O  MBoro^yryii*  .  .  . 
TCpmweopTHirt  iia 
<  ipowoMiwworo 

^d^MpTNtM  .... 
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Mn 
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'  4 
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3  ll«  OlUlM  j 

M 

1 .  a— 1 ,  ft 

1 .2-2.2 

1 

II  ,il'j 

-- 

— 

2211-  2*0 

.■I,:-.'!,  5 

0,»-t ,« 

O.J-I.O 

o,m2 

II.H-I  ,* 

0.*— n.K 

28t)-34<) 

no  3,( 
.10  3,( 

n.s-2,0 

«,*-2.0 

O.J-I.O 

ft.s-i.n 

0.2 

0.2 

•I,m2 

0.»-l,2 

O.I-O.K 

;i  00-34.; 
230-320 

Ij  Rollers;  2)  percentage  of  elements;  3)  not  more  than;  4)  (kg/mm  ); 

5)  for  large-size  profiles;  6)  the  same,  of  chrome-nickel  Iron;  7)  for 
medium-size  profiles,  of  chrome-nickel  Iron;  8)  for  small-slze  profiles 
9)  vip  to. 


References:  Zjjiov'yev,  N.V. ,  Otlivki  Is  otbelennogo  chuguna  [Chill 
[Chilled-Iron  Castings],  In  the  book:  Spravochnlk  po  mashlnos-troltel 
nym  materlalam  [Handbook  on  Machine-Building  Materials],  Vol.  3,  Mos¬ 
cow,  1959j  Glrshovlch,  N  G. ,  Sostav  1  svoystva  chuguna  [Composition 
and  Properties  of  Cast  Iron],  In  the  book:  Spravochnlk  po  chugunnomu 
llt'yu  [Handbook  on  Iron  Casting],  2nd  Edition,  Moscow-Lenlngrad,  I96O; 
Gol'dshteyn,  Ya.Ye.,  Mlkroleglrovanlye  stall  1  chuguna  [Micro-Alloying 
of  Steel  and  Iron],  Moscow-Sverdlovsk,  1959;  "Glesserel"  [Foundry], 
1959,  Vol.  46,  No.  22,  pages  665-676. 

A. A.  Slmkin 
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MMTy  =  ChMTU  =  Chernometallurglcheskoye  tekhnlcheskoye  uslo- 
vlye  =  Technical  Specification  of  the  Ferrous 
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CHLORAIN  —  see  Polyvlnylldenechlorlde  fiber. 
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CHLORIN  —  is  a  synthetic  carbochaln  fiber  made  from  supplementarly 
chlorinated  polyvinylchloride  (perchlorovlnyl )  containing  bound 
chlorine;  It  Is  manufactured  In  the  USSR,  In  the  GDR  (termed  PC),  and 
In  Fremce  (Chlorln).  The  breaking  strength  of  Chlorln  Is  poor.  It  Is 
20-25  km  for  silk  filament  and  13-5-15  km  for  staple  fiber;  the  break¬ 
ing  elongation  Is  25-205^  and  ^0-355^,  respectively.  The  strength  In  wet 
state  does  almost  not  differ  from  that  In  tte  dry  state.  Chlorln  Is 
easily  deformable  under  small  loads  within  an  elongation  range  of  5-105^. 
The  resistance  of  Chlorln  to  alternating  strains,  especially  to  double 
bending.  Is  about  10  times  higher  than  that  of  viscose  rayon  and  20 
times  higher  than  that  of  acetate  fiber. 

The  heat  resistance  of  Chlorln  does  not  surpass  90®.  Chlorln  has 
a  low  resistance  to  aging  by  heat.  Heating  at  90“  for  1  hcu;-  causes  the 
loss  of  255^  of  the  Initial  strength;  a  long  heating  at  ICO*  causes  the 
degradation  of  the  Chlorln,  the  fiber  becomes  rigid  and  brittle.  A 
shrinkage  of  the  Chlorln  seti>  in  at  ■'^5-65®-  Chlorln  ir  noncombustible. 

The  low  lightproofness  and  the  gradual  deccmposltlon  u.nder  the  ac¬ 
tion  of  ultraviolet  ray.^',  accompanied  by  liberation  of  HCl,  Ir  a  major 
shortcoming  of  the  Chlorln.  The  .  pecific  electrical  vclu.me  rerlrtance 
of  Chlorln  Is  not  less  than  10^'  ohm»cm  at  ff®;  the  urface  resistance 

1  7 

of  the  film  1-'^  not  less  than  10^"  ohms;  the  dielectric  constant  Is 
3.0  et  a  voltage  of  ri'C  v  ar.d  a  frequency  of  y.  crs;  the  tangent  of  the 
loss  ar.gle  is  ".ll.  Tr.e  low  value  of  r,  the  r.l«:h.  water-rerel  lence 
(Chlorln  absorbs  C . '■%  moisture  at  a  relative  mcl.^t^re  content  of 
and  the  high  friction  coefficient  (1.--2  times  higher  than  t-^-at  of  cot- 
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ton)  promote  a  ready  electrization  of  the  Chlorln  under  friction,  and 
the  accumulation  of  static  electrical  charges  on  It.  This  property 
which  makes  the  normal  manufacturing  of  Chlorln  difficult  and  which  Is 
eliminated  by  applying  antistatic  agents  to  the  Chlorln,  which  Increase 
temporarily  the  electrical  conductivity  of  the  fiber,  proves  to  be  val¬ 
uable  In  some  cases  and  Is  utilized  for  the  manufacture  of  medical  un¬ 
derwear,  which  become  statically-charged  by  wearing,  for  patients  suf¬ 
fering  from  sciatica,  rheumatism  and  radiculitis.  The  heat  conductivity 
of  Chlorln  is  poor.  The  water-repellence  of  Chlorln  and  the  absence  of 
chemical  groups  with  chemical  affinity  to  dyestuffs  .make  coloring  It 
difficult,  and  the  low  heat  resistance  hinders  tr.e  application  of  more 
efficient  hlgh-temperature  cclcring  methods.  Coloring  of  Chlorln  may 
be  realized  by  adding  a  coloring  pigment  during  the  preparation  of  the 
spinning  ;ol'.ticn. 


Chlorln  .  i.rpasces  all  natural  and  synthetic  fibers  excluding  Ftcr- 
lon  and  Teflc:  with  regard  to  tne  resista.cce  to  chemical  reagent  . 
Chlorln  resists  (steclflc  gravity  1.:-^),  Hd  (  peciflc  gravity 

{I.IT}.  H.TO-  (specific  gravity  1 . :  i )  a.n  i  a  ^  KCh  sclution  at  temper¬ 
atures  up  to  ■  ®;  It  h.as  a  medium  resistance  tc  these  rea^tents  up  to 
a:',  i  aisc  tc  au..a  revia,  ;  ;.c  :  hcric  ar’d  hyd  ref  luc  ric  acli.'  axid 
strong  oxidises.-  (  hroml^  mixt^.s^,  nyt  echlosites ,  permanrar.ate  :  at  ,  ® 
Chlcrir.  Ices  net  r<v  i  s  t  a-;d  utr.er  ketone.-,  hensene,  'vclchera- 

none,  'vs'le  ether.,  :i  y.a-.e,  ‘.^slr.a'eu  hydrs'artcns  cf  tne  alipha¬ 
tic  and  ysli  .  ami;.'’;  e  f  t:.»  allp'.atl'  e?  le.  ,  assi  :y:-ldlnc. 

Chlc'-in  1.  :  f  s  tne  t..se  np;  filter  fairlc.-  for  ag>tres- 

slve  fl.'l:,  -la.  r  ran-,  an;  e.^’t'  :*>  '’--el^pe  ,  ru.;  fs’-  t.-ffin^"- 

hexes  a:.;  lac-lrg.,  n.  :  .v->rall  s-lxo;  r.a*.’a.  filer.  .  rllt^'r 

material  .  It'  a;.  In  sea.  <•  ;  ‘l.  .t-.-  .  n.  n.  ■  s In- Ir.v  aft^r  •r..ltlp>  hrat 

treatme:  *  .  :  ;*alnat>  hy  heat  tseatmo-t  s*'  nsrmal  -cv^-n 


.  y.  : 
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fabrics.  Medical  underwear  and  mixed  fabrics,  drape,  for  example  (GDR), 
are  manufactured  from  Chlorln.  The  thermoplasticity  o^  Chlorln  make  It 
possible  to  manufacture  decorated  fabrics  by  pressing  on  hot  printing 
cylinders,  and  the  shrinkability  by  heat  treatment  enables  one  to  manu¬ 
facture  compressed  and  goffered  fabrics  from  a  mixture  of  Chlorln  and 
other  fibers. 

The  low  lightproofness  and  heat  resistance  hinder  widespread  ap¬ 
plication  of  the  Chlorln. 

References ;  Geller,  E.E.,  Khlmiya  1  tekhnologlya  khlorinovogo  vol- 
okna  [Chemistry  and  Technology  of  the  Chlorln  Fiber],  Moscow,  1958. 

Yu. Vs.  Vasil 'yev 
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CHLORINATION  OF  ALUMINUM  ALLOYS  —  Is  the  treatment  of  aluminum  al¬ 
loys  in  molten  state  by  gaseous  chlorine  (refining  by  chlorine)  in  or¬ 
der  to  eliminate  gaseous  and  solid  nonmetalllc  Inclusions.  The  equip¬ 
ment  for  the  chlorination  consists  of  a  cylinder  with  chlorine,  Tlsch- 
enko's  desiccator  bottles  containing  sulfuric  acid,  a  mercury  manometer, 
and  a  quartz  pipe.  All  these  parts  of  the  equipment  are  joined  together 
by  a  steel  pipe,  and  in  the  place  which  requires  a  flexible  junction, 
by  a  rubber  tubing.  The  cylinder  with  chlorine  and  the  bottles  must  be 
placed  in  a  separate  room.  The  chlorination  process  is  carried  out  in 
a  bucket  while  removing  the  waste  gases  by  exhaustion.  The  treatment  by 
Ciilorine  is  carried  out  at  a  pressure  of  about  100  mm  mercury  column. 

The  refining  period  depends  on  the  quality  of  the  charge.  It  is  Icnger 
in  the  case  of  a  strongly  contaminated  charge  but  must  not  surpass  10- 
12  min  in  order  to  prevent  the  growth  of  the  grains  in  the  cast  mater¬ 
ial.  The  chlorine  refining  period  for  AL^  and  AL5  alloys,  for  example, 
amounts  to  10  minutes,  that  for  ALl  and  AL8  alloys  -  7  min,  and  for  al¬ 
loys  of  the  Duralumin  type  up  to  7  minutes.  Aluminum  chloride  is  the  re¬ 
sult  of  the  reaction  of  the 'chlorine  with  aluminum,  and  hydrogen  chlor¬ 
ide  is  formed  by  interaction  of  chlorine  with  the  hydrogen  dissolved  in 
the  metal  Aluminum  chloride  is  present  in  the  melt  in  a  vaporized 
state.  The  gaseous  and  nonmetalllc  inclusions  become  adsorbed  on  the 
bubbles  of  aluminum  chloride  and  hydrogen  chloride  and  are  removed  with 
them  by  escaping  on  the  surface.  Chlorination  is  one  of  the  most  effi¬ 
cient  adsorntion  methods  of  refining  alaminura  alloys i  the  corresponding 
measures  of  accld'^nt  prevention  ri'ust  oe  taken,  however,  due  to  the  tox- 

n^) 
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Iclty  of  the  chlorine.  Chlorides  (zinc  chloride,  manganese  chloride, 
etc.)  are  also  used  Instead  of  chlorine  for  the  adsorption  refining  of 
aluminum  alloys.  Added  to  the  molten  metal,  the  chlorides  react  with 
aluminum  according  to  the  scheme:  3  MeCl  +  A1  =  AICI2  +  Me.  The  gas 
bubbles  and  the  solid  Inclusions  become  adsorbed  In  the  escaping  bub¬ 
bles  of  aluminum  chloride.  The  efficiency  of  the  treatment  by  chlorides 
Is  considerably  lower  than  that  of  the  refining  by  gaseous  chlorine. 

References :  Al'tman,  M.B.  [et  al. ],  Plavka  1  llt'ye  splavov  tsvet- 
nykh  metallcv  [Melting  and  Casting  of  Nonferrous  Metals],  Moscow,  1963; 
Gorshkov,  I. Ye.,  Llt'ye  slltkov  tsvetnykh  metallov  1  splavov  [Casting 
of  the  Ingots  of  Nonferrous  Metals  and  Alloys],  2nd  Edition,  Moscow, 

1952. 


M.B.  Al'tman 
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CHLOROPRENE  LATICES  (Neoprene  latlces,  Nalrlt  L)  are  latlces  ob¬ 
tained  by  emulsion  polymerization  of  chloroprene  or  Its  mixtures  with 
small  quantities  of  other  monomers.  From  the  chloroprene  latlces  ob¬ 
tained  by  the  polymerization  of  a  single  chloroprene  there  can  be  pre¬ 
pared  high-strength  and  elastic  rubber  products  (tensile  strength  of 

O 

200  kg/cro'"  and  over,  relative  elongation  about  lOOOJ^)  without  reinforc¬ 
ing  fillers.  Just  as  the  natural  latex,  the  chloroprene  latlces  give 
with  Ion  deposition  and  gelatlnlzatlon  a  strong  and  elastic  gel  which 
is  widely  used  for  the  preparation  of  various  rubber  products  using 
these  methods.  The  products  made  from  these  latlces  exceed  the  corre¬ 
sponding  products  made  from  natural  latex  In  ozone  resistance,  oil  re¬ 
sistance,  gas  Impermeability  and  flame  resistance,  but  are  Inferior  to 
them  In  cold  resistance. 

An  Important  characteristic  of  the  chloroprene  latlces  Is  the  ca¬ 
pability  of  products  made  from  them  to  vulcanize  without  the  Introduc¬ 
tion  of  special  vulcanizing  agents  with  sl.Tiple  heating.  The  usual  vuJ - 
canlzing  agents  -  sulfur,  thluram,  Captax  -  not  only  are  Ineffective  In 
the  vulcanization  of  the  chloroprene  latlces,  but  even  retard  the  pro¬ 
cess;  more  complete  vulcanization  Is  achieved  in  the  presence  of  zinc 
oxide,  litharge,  red  lead  or  organic  substances  -  paradlnltrobenzene 
and  the  dithlocarbamates.  In  contrast  with  the  other  types  of  latlces, 
large  quantities  of  fillers  cannot  be  Introduced  Into  the  chloroprene 
latlces  without  deterioration  uf  the  physico-mechanlcal  properties  of 
the  products.  Small  quantities  of  carbon  black  or  slllc  acid  {5-10%  by 
weight  of  the  polymer)  Increase  the  strength  and  mouulus  of  the  vulcan- 
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Izates,  which  is  utilized  in  the  preparation  of  sponge  products  made 
from  these  latlces. 

In  connection  with  the  presence  in  polychloroprene  of  active 
chlorine  atoms,  in  the  chloroprene  latlces  there  takes  place  a  gradual 
splitting  off  of  the  hydrogen  chloride,  which  leads  to  deterioration  of 
the  technological  properties  of  the  latlces  and  finally  to  coagulation. 
Splitting  off  of  the  hydrogen  chloride  from  the  polychloroprenes  must 
be  kept  in  mind  in  the  usage  of  the  chloroprene  latlces  in  combination 
with  materials  containing  cellulose;  in  these  cases  we  must  Introduce 
Into  the  latex  mixtures  neutralizing  substances  -  borax,  soda,  etc.  As 
a  rule,  the  chloroprene  latlces  have  a  strongly  alkaline  reaction.  They 
are  widely  used  for  the  preparation  of  thln-wall  rubber  products  by  the 
method  of  ion  deposition  -  pilot  balloon  and  radiosonde  envelopes,  in¬ 
dustrial  gloves,  etc. ;  products  with  improved  oil  resistance  are  pre¬ 
pared  from  the  copolymer  chloroprone-nitrlle  latex,  during  the  synthe¬ 
sis  of  which  acrylonitrile  is  added  to  the  chloroprene.  Other  areas  of 
application  of  the  chloroprene  latlces  are  rubberizing  of  fabrics.  Im¬ 
pregnation  and  bonding  of  paper,  preparation  of  leather  substitutes  and 
sponge  products,  mine  fire  extinguishing,  etc.  These  latlces  form  an 
excellent  base  for  glues,  in  particular  the  latlces  which  can  be  syn¬ 
thesized  at  low  temperatures;  the  latter.  In  particular,  are  used  in 
the  leather-footwear  industry. 


References:  Synthetic  Rubber,  ed.  by  Q.S.  Whitby,  transl.  from  Eng. 

L.  ,  1957j  Litvin  O.B. ,  Slntetlchesklye  lateksy  [Synthetic  Latlces], 

M.  -L.,  1953;  Hartsfleld  E.P.,  "Rubber  and  Plast.  Age",  1957,  v.  38,  No. 
11,  p.  97O;  Prolzvodstvo  1  prlmenenlye  slntetlchesklkh  lateksov  [Pro¬ 
duction  and  Use  of  Synthetic  Latlces],  L.-M. ,  1953;  Slntez  lateksov  1 
Ikh  prlmenenlye  [Synthesis  of  Latlces  and  Their  Use],  coll,  of  artlca.es. 


ed.  by  A.V.  Lebedev  et  al.,  M. ,  196I. 


A. I.  Yezrlyelev,  A.V.  Lebedev 
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CHLOROPRENE  RUBBER  —  is  the  product  of  the  polymerization  of 
chloroprene  in  emulsion  or  of  the  copolymerizatlon  of  chloroprene  with 
a  small  amount  of  other  monomers,  such  as  styrene,  isoprene  or  acrylon¬ 
itrile.  It  is  delivered  under  the  trademark  Nairlt  (USSR),  Neopren 
(U.  S.  )  and  Perbunan  C  (German  Federal  Republic).  Chloroprene  rubber  is 
worked  on  the  usual  equipment  of  the  rubber  industry,  similar  to  natur¬ 
al  rubber.  Chloroprene  rubber  can  be  masticated  by  mechanical  treatment, 
at  the  best,  in  a  rubber  mixer  in  presence  of  chemical  plasticizers,  a 
combination  of  diphenyl  guanidine  and  Captax,  for  example.  Introduction 
of  1-2^  nickel  dlbutyl  dithiocarbamate  increases  somewhat  the  stability 
of  uhe  :'hloronrene  r-iih^or  +*-^2  resistance  to  thermal  aging,  it  de¬ 
creases  also  the  scorching  tendency  and  increases  the  resistance  of  ttc 
vulcanized  product  to  ozone.  Chloroprene  rubber  an',  compounds  on  its 
basis  are  very  adhesive,  this  fact  facilitates  the  assembling  of  mult' 
layer  pi\>ducts.  Nonfilled  and  black-carbon  filled  chloropiene  rubbc.s 
are  characterized  by  a  high  strength  and  elasticity,  a  good  tear  resist¬ 
ance,  resistance  to  alternating  deformations,  to  the  growth  of  cuts  and 
an  adequately  sufficien  t  resistance  to  abrasion.  The  strength  and 
elasticity  of  chloroprene  rubbers  are  near  to  that  of  NK  rubbers. 
Chloroprene  rubbers  are  fire-resistant,  they  do  not  maintain  combustiori 
and  extinguish  themselves  when  ignited,  they  are  light-  and  ozone-proof, 
oil-,  benzene-  and  heat-proof,  they  have  a  low  permeability  for  gases 
and  are  resistant  to  acids,  alkalis  and  salts.  The  electric  insulating 
properties  of  the  chloroprene  rubber  are  inferior  to  that  of  the  butyl, 
natural,  di'^lnyl,  and  silicon  rubbers.  The  somewhat  increased  water  ad- 


783 


I-39K1 

aorptlon  deteriorates  the  dielectric  properties  of  the  chioroprene  rut- 
ber.  Fillers,  such  as  carbon  blacks,  kaolin,  chalk,  baryte,  and  metal 
oxides,  do  not  Increase  the  stren^^th  of  chioroprene  rubber  compounds, 
but  they  Improve  their  resistance  to  abrasion  and  promote  the  mainten¬ 
ance  of  the  strength  at  elevated  temperatures.  Chioroprene  rubbers  for 
general  and  special  purposes  are  produced  in  industrial  scale.  Nalrlt 
(N)  grade  A,  with  a  plasticity  according  to  Karrer  of  0.69-0. 72,  and 
grade  B,  with  a  plasticity  of  0. 58  and  0. 60,  belong  to  the  chioroprene 
rubbers  for  general  purposes.  The  physicomechanical  properties  of  non¬ 
filled  compounds  of  N  are  listed  in  Table  1,  those  of  carbon-black  fill¬ 
ed  in  Table  2. 

TABLE  1 

Properties  of  Nonfilled 

Nairlt  Compounds 
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1)  Characteristics j  2)  modulus  at  300^  elongation  (kg/cm  );  3)  tensile 
strenrth  (kg/cra2);  4)  relative  elongation  {%)’,  9)  residual  elongation 
{%)'y  6)  tear  resistance  (kg/cm);  7)  TM-2  hardness;;  8)  resilience 
9)  brittleness  point  (°C),-  10)  coefficient  of  frostproofness  at  100% 
elongation  and  —39”;  11)  aging  coefficient  (after  9  days  at  ICO®);  12) 
for  tensile  strength;  I3)  for  relative  elongation. 


N  rubbers  are  resistant  to  swelling  in  gasoline,  being  inferior  in 
this  respect  to  dlvinyl  nitrile  rubbers  and  thiokols,  but  superior  to 
the  other  types  of  synthetic  rubbers;  they  show  almost  no  change  under 
the  action  of  acids,  alkalis  and  salt  solutions;  they  are  resistant  to 
light  and  atmospheric  effects  ana  withsteuid  for  3  hrs  a  concentration 
of  ozone  at  which  natural  rubbers  are  degradated  within  3  min.  This 


78^ 


■’omblnat inn  of  valuabln-  techni'.’al  propnrtler,  provlfJc  a  wido  fidtj  of 
application  for  N  rubborn.  Cwiup;  to  its  ad.bor,iveno.';r:.,  hiijh  elacti 

city  and  resistance  to  alternating  defonaatlons,  N  is  used  for  the 
production  of  flat  belts,  V-bclts,  and  conveyor  belts,  including  non- 
combustible  belts  for  coal  mining.  The  lifetime  ol'  V-belts  and  venti¬ 
lator  belts  from  N  is  2-3  times  longer  than  the  lifetime  of  the  same 
belts  made  from  natural  rubber.  Delivering  and  sucking  hoses  for  the 
petroleum  industry,  diverse  packings  for  motorcars  and  aircraft,  pro¬ 
tecting  coating  for  ship-,  mining-  and  technical  cables  are  made  from 
N.  N  is  successfully  used  in  the  production  of  high-quality  substitute 
of  leather,  for  lining  o^  chemical  apparates,  especially  of  such  for 
concentrated  hydrochloric  acid. 

TABLE  2 

Properties  of  Nairit  - 

Carbon-Black  Compounds 
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*  40  parts  by  weight  of  lamp  i:ar:or;  black,  L'  parts  by  weigjit  of  dlbu- 
dibut”''  nb.thalate,  7  parts  b-y  wel-'ht  of  vaseline  oil; 

**  7.0  paz't.s  sy  weight  of  diuutyi  pr.tiiUlabc,  parts  by  weight  of  vase¬ 
line  o!': 
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***  20  parts  by  weight  of  burner  carbon  bla^'k,  10  parts  by  wels^it  of  an¬ 
thracene  carbon  black,  2  parts  by  wei.ght  of  dlbutyl  phthalate,  o  part 
by  weight  uf  vaseline  oil. 

1)  Characteristics;  2)  friction  compound*;  3)  calico  compound**;  4)  pro 
tectlng  compound***;  b)  moaulus  at  30^5^  elongation  (kg/cm-);  6)  tensile 
strength  (kg/cm^);  7)  relative  elongation  (^);  8)  residual  elongation 
(/^);  9)  properties  at  100°;  10)  properties  after  aging  at  100“  for  100 
hrs;  11)  tear  resistance  (kg/cm);  12)  IT^-2  hardness;  I3)  res.  lienee  {%) 
l4)  at;  15)  heat  building  during  multiple  compression  by  k0%  (°C);  I6) 
brittleness  point  (“C);  17)  coefficient  of  f rostproofness  at  1005^  elong 
ation  and  -35° 


The  copolymer  of  chloroprene  with  styrene  is  nairit  S  (NS)  (USSR), 
or  Neopren  RT  (U.  S.  ),  a  rubber  for  general  purposes  near,  with  regard  to 
its  properties,  to  N,  but  with  better  workability,  a  lower  tendency  to 
scorch  an'^  a  somewhat  higher  frostproofness.  The  brittleness  point  of 
NS  rubbers  is  3-5“  lower  than  that  of  N  compounds.  NS  rubbers  are  in¬ 
ferior  to  N  rubbers  with  regard  to  their  physicomechanical  characteris- 

O 

tics.  The  tensile  strength  of  nonfilled  rubbers  is  250-280  kg/cm  at  a 
relative  elongation  of  700-800^.  They  are  also  somewhat  inferior  to  N 
rubbers  in  the  chemical  stability,  especially  in  the  resistance  to 
ozone.  With  regard  to  the  other  characteristics,  NS  rubbers  do  not  dif¬ 
fer  to  a  great  extent  from  N  rubbers.  NS  is  practicaole  for  the  same 
purposes  as  N.  The  better  workability  permits  the  use  cf  it  in  the  pre^ 
duction  of  autocar  tires  for  trying  roads;  ti’~es  for  stony  roads,  es¬ 
pecially  in  countries  wi'-h  a  torrid  climate,  are  also  prepared  from  it. 
Idle  copolymer  of  chloroprene  with  acrylonitrile  is  lel-vered  under  the 
trademarks  Nairit  N  (NN)  (USSR)  and  Neoprene  Q  (U. S. ).  NN  is  character¬ 
ized  by  a  very  good  resistance  to  gasoline  and  oil.  The  swelling  of  NN 
kept  for  24  hrs  at  room  temperature  in  mineral  oil  amounts  to  by 

volume,  and  is  equal  to  12-155^  by  volume  In  the  case  cf  gasoline.  NN  rub¬ 
bers  prove  an  elevated  thermal  and  chemicSi  resistance,  chelr  physicome¬ 
chanical  properties  do  not  differ  essentially  from  those  for  N  rubbers. 
Hie  low  f rostproofness  is  an  essential  disadvantage  of  'fll.  The  brlttle- 
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of  the  plasticizer.  Diverse  oil-  an^  ^’iascline  reel,  tar.'  pr'oiu  t;;  are 
made  from  NN.  The  liquid  chloroprene  rubber  ir  a  new  t;yq;e  of  :hloroprene 
rubbers,  it  is  delivered  uitder  the  commercial  term  liquid  Nairlt  (ZhN) 
(USSR)  and  Neoprene  KNR  (U.S.  ).  ZhiN  ir.  easily  niarticable  ori  rolls,  form¬ 
ing  a  readily  .soluble  polymer  which  gives  high-concentrated  solution.': 
(70-75>^).  Chemical  plasticizers,  usually  0.  lb-0.25;  parts  by  weight  of 
mercaptobenzothiazole  (Captax)  and  diphenyl  guanidine  (DFG)  per  100 
parts  by  weight  ZhN,  are  used  to  promote  the  mastication.  1-2  parts  by 
weight  of  tetramethyl  thiuram  aisulfide  (Thiuram  D)  or  tetraethyl  thiur- 
am  disulfide  (Thiuram  E)  are  auditionally  introduced  in  order  to  in¬ 
crease  the  activity. 

The  physicomechanioal  properties  of  vulcanized  ZhN  arc  quoted  in 
Table  3. 

TABLE  3 


Physicomechanioal  Characteristics 
of  ZhN 
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elongation  (^);  Q)  toar  resistance  { kg/cm);  10)  TM-2  hardness;  11)  re¬ 
silience  12)  at;  13)  brittleness  point  (°C);  14)  aging  coefficient 

(110“,  12d  hrs);  15)  for  tensile  strength;  16)  for  relative  elongation. 


A  solution  of  ZhN  in  a  composition  of  76%  solvent,  19^  turpentine, 
and  n-butanol  is  used  for  rubberizing  diverse  equipments.  solu- 
lons  are  used  to  apply  coatings  with  a  palette-knife,  65-70^  solutions 
for  painting,  50-60^  for  dipping  or  spraying.  The  vulcanization  of  the 
films  is  carried  out  with  hot  air  (at  100-142°),  live  steam,  hot  water, 
or  irradiation  with  an  infrared  lamp.  A  previous  priming  with  chloro- 
nalrit  glue  or  epoxy-primer  is  used  owing  to  the  insufficient  adhesion 
of  ZhN  to  metals.  ZhN  coatings  reliably  protect  metals  from  corrosion  by 
the  aqueous  solutions  of  many  acids,  alkalis  and  salts,  but  they  are 
not  resistant  to  oxidizing  agents,  aromatic  and  halogen-containing  sol¬ 
vents.  The  upper  limit  of  the  working  temperature  of  the  coatings  is  70° 
a  short  working  at  90-100°  is  permissible. 

The  chemical  stabil  xty  of  coatings  on  basis  of  ZhN  is  character¬ 
ized  by  the  following  data: 
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1)  Medium;  2)  concenti’ation  {%);  3)  temperature  (°C);  4)  resistance;  5) 
gasoline;  6)  benzene;  7)  transformer  oil;  8)  ethanol;  9)  sea  water;  lo) 
potassium  bichromate;  11)  potassium  monosulfate;  12)  sodium  chloride; 

13)  sodium  hydroxide;  14}  nitric  acid;  15)  sulfuric  acid;  I6)  hydrochlor¬ 
ic  acid;  17)  acetic  acid;  l3)  phosphoric  acid;  19)  good;  20)  poor;  21) 
the  same. 
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ZhN  surpasses  varnish  and  plastic  coatings  with  respect  to  the 
wear  by  abrasion.  ZhN  solutions  are  practicable  to  rubberize  pieces  and 
products  with  a  complicates  shape  (nets,  bellows,  springs,  etc,  )  which 
cannot  be  protected  by  sheet  rubber.  Owing  to  the  absence  of  seams,  the 
coatings  are  practicable  in  vacuum.  ZhN  is  used  to  rubberize  propellers 
of  trawlers,  steel  Jackets  of  refrigerators  and  condensers  made  from 
nonferrous  metals,  the  inner  hollows  of  diaphragm  valves,  and  of  tools 
to  prevent  sparks  casued  by  impacts,  etc.  ZhN  is  also  practicable  for 
hermetic  sealing  of  the  vacuura-condensor  pipes  of  steam  turbines. 
Chloroprene  rubber  polyruerized  at  low  temperature  [Nairit  NT  (NNT) 

(USSR),  Neopren  AC  and  Neopren  AD  (U. S. )]  is  used  for  the  production  of 
adhesives.  Nonfilled  rubber  on  MT  basis  have  the  following  physicome- 

O 

chanical  characteristics:  modulus  at  300/^  elongation  5O-60  kg/cm  ;  ten- 
sile  strength  3^0-380  kg/cm  ;  relative  elongation  910-960$^;  residual 
elongation  10-12:%;  Shore  hardness  82-89;  resilience  {%)x  38-^0  at  20°, 
53-65  at  1CC°;  aging  coefficient  at  100“  and  120  hrs:  for  the  tensile 
strength  0. 96-I.O8,  for  the  relative  elong*+ion  O.87-O.9O;  brittleness 
point  -38“.  The  compounds  for  the  preparat-.n  of  adhesives  contain  15- 
20  parts  by  weight  zinc  oxide,  4  parts  by  weight  colophony,  1. 5  parts 
by  weight  thiuram,  and  1.5  parts  by  weight  iron  chloride  per  100  parts 
by  weight  of  Ni’TT.  Iron  chloride  serves  as  an  accelerator  of  the  vulcani¬ 
zation.  IO-I5  parts  by  weight  of  magnesium  silicate  or  resorcine  may  be 
introduced  in  order  to  increase  the  adhesion  of  the  adhesive  at  elevat¬ 
ed  temperature.  The  heat  resistance  of  the  adhesive  film  may  also  be  in¬ 
creased  by  introduction  of  phenolformaldehyde  resins  or  of  dlvinylni- 
trile  rubbers;  armatic  and  chlorinated  hydrocarbons  are  used  as  solvents. 
A  mixture  of  ethyl  acetate  and  gasoline  in  1:1  ratio  has  the  lowest  tox¬ 
icity.  Adhesives  on  NNT  basis  prove  a  high  stability  of  the  Joints 
which  is  not  inferior  to  that  obtained  by  means  of  natural  guttapercha. 
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References:  Slnteticheskiy  kauchuk  [Synthetic  Rubber]  edited  by  G. 
Whitby,  trsuislated  from  English,  Leningrad,  1957;  Klebanskiy  A. L.  [et 
al. ],  Vllyanlye  raznykh  tlpov  stablllzatorov  na  Izmenenlye  svoystv 
nalrlta  pro  starenll  [Effect  of  Diverse  Type  of  Stabilizers  on  the 
Change  of  the  Aging  Properties  of  Nairit],  "Kauchuk  1  rezlna, "  19^0,  No. 
8;  Klebanskiy  A.L.  [Et  al.  ],  Novyy  tip  khloroprenovogo  kauchuka  -■  zhid- 
kiy  nairit  [Liquid  Nairit,  a  New  Type  of  Chloroprene  Rubber],  ibid.., 
1961,  No.  5;  Catton  N.  L. ,  Neopreny  [The  Neoprens],  translated  from  Eng¬ 
lish,  Leningrad,  1958. 

I.  V.  Borodina 
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CHLOROSULPONATED  POLYETHYLENE  -  Is  a  polyethylene  derivative  with 
a  mean  molecular  weight  of  20,000.  It  contains  275^  chlorine  and  1.55^ 
sulfur.  Chlorosulfonated  polyethylene  is  produced  in  the  USSR  under  the 
name  KhSPE,  and  abroad  under  the  name  Hypalon.  The  chlorosulfonated 
polyethylene  is  obtained  in  the  form  of  white  rubberlike  crumbs.  Its 
specific  gravity  is  1.1;  it  is  completely  soluble  in  aromatic  and  chlor¬ 
inated  hydrocarbons;  it  swells,  but  does  not  dissolve  in  ketones  and 
ethers;  it  is  insoluble  in  aliphatic  hydrocarbons,  alcohols  and  gly¬ 
cols. 

The  viscosity  of  the  chlorosulfonated  polyethylene  is  28-31  accord¬ 
ing  to  Mooney  (it  is  equal  to  30-50  for  neoprene  and  natural  rubber). 

The  low  viscosity  of  the  chlorosulfonated  polyethylene  involves  a  rapid 
formation  of  a  sheet  and  a  good  distribution  of  the  ingredients  during 
rolling.  Chlorosulfonated  polyethylene  is  manufactured  on  the  usual 
equipment;  a  previous  plasticization  is  not  necessary;  the  temperature 
for  the  preparation  of  compounds  is  about  4o®.  It  is  desirable  to  carry 
out  the  calendering  at  a  temperature  not  higher  than  60®,  although  an 
Increase  in  the  temperature  up  to  100®  is  permissible  (chlorosulfonated 
polyethylene  possesses  the  highest  plasticity  at  this  temperature). 
Chlorosulfonated  polyethyleme  is  miscible  with  all  rubbers;  it  imparts 
to  them  an  Improved  resistance  to  ozone. 

Metal  oxides  (FbO,  MgO,  ZnO)  and  their  hydrates,  stearates,  naph- 
thenates,  aliphatic  and  aromatic  diamines,  urea  and  thiourea,  eunldes 
and  thioamldes,  carbamates  and  thiocarbamates,  guanidine,  ethemolamlnes, 

etc.,  serve  as  vulcanlzers  for  chlorosulfonated  polyethylene.  The  organ- 
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Ic  vulcanlzers  are  applied  together  with  an  acceptor.  Vulcanization  oc¬ 
curs  by  Interaction  of  the  vulcanlzers  with  the  chlorosulfonlc  groups 
of  the  polymer  or  with  the  chlorine  atoms.  Zinc  dlbutyl  dlthlocarbam- 
ate,  tetramethyl  thluramdlsulflde,  mercaptobenzothlazole,  and  diphenyl 
guanidine  are  used  as  rubber  accelerators.  Vulcanlzates  with  good  mech- 
canlcal  properties  are  obtainable  without  addition  of  fillers  to  the 
compound.  An  Increased  dosage  of  carbon  black  increases  insignificant¬ 
ly  the  tensile  and  tearing  strength,  and  causes  a  rise  of  the  brittle¬ 
ness  point  from  —^0*  to  —17®  (the  brittleness  point  of  rubbers  contain¬ 
ing  10-125^  filler  is  —57",  —62®,  that  of  rubbers  with  25^  filler  Is 
—20®,  —30®).  At  addition  of  30-50  parts  by  weight  of  carbon  black  for 
100  parts  by  weight  of  the  rubber  reduces,  however,  the  shrinkage  of 
the  compounds  and  enables  it  to  obtain  a  smooth  surface  by  calendering. 
Addition  of  powdered  silica  gel  is  recommended  for  the  manufacture  of 
heat  resistant  vulcanlzates.  Naphthene  oils  combined  with  factice  are 
the  best  plasticisers. 

Rubbers  based  on  95  parts  by  weight  chlorosulfonated  polyethylene 

and  5^  natural  rubber  and  containing  25  parts  by  weight  lamp  black  pos- 

sess  a  tensile  strength  of  l46  kg/ctn'  and  a  relative  elongation  of 

2305^]  t’:a  tensile  strength  of  rubbers  made  from  100^  chlorosulfonated 

2 

polyethylene  without  black  Is  equal  to  80  kg/cm  . 

The  vulcanlzates  of  chlorosulfonated  polyethylene  excellently  re¬ 
sist  the  growth  of  cracks  and  alternating  stresses;  they  are  also  high¬ 
ly  resistamt  to  aging  by  ozone,  they  do  not  crack  at  any  ozone  concen¬ 
tration  and  surpass,  in  this  respect,  the  vulcanlzates  of  nalrlte  and 
butyl  rubber  by  10  times.  Chlorosulfonated  polyethylene  surpasses  all 
other  polymers  Including  neoprene  in  respect  to  the  resistance  to  at¬ 
mospheric  effects.  The  chlorosulfonated  polyethylene  vulcanlzates  pos¬ 
sess  a  sufficient  stability  to  the  action  of  oils,  swelling  only  by 


792 


III-10kh2 


1/3  more  than  the  filled  vulcanlzates  of  neoprene. 

Fabrics  coated  by  chlorosulfonated  polyethylene  are  resistant  to 
chemical  reagents  and  atmospheric  effects;  they  are  colorable,  the  col¬ 
or  Is  permanent,  and  they  possess  a  high  gas tightness.  Pine,  flexible, 
many-colored  and  lustrous  coatings  on  molded  and  extruded  rubber  pro¬ 
ducts  may  be  prepared  from  chlorosulfonated  polyethylene.  The  dye  fast¬ 
ness  and  chemical  stability  of  chlorosulfonated  polyethylene  make  pos¬ 
sible  Its  application  for  the  production  of  dyestuffs  for  metals,  wood, 
brickworks  and  stoneworks.  The  resistance  of  the  chlorosulfonated  poly¬ 
ethylene  to  scratches,  wearing  and  notches  enables  one  to  use  It  for 
the  production  of  floor  tiles.  Chlorosulfonated  polyethylene  can  also 
be  used  for  the  production  of  the  white  sides  of  tires  due  to  Its  dye 
fastness,  the  excellent  resistance  to  natural  aging,  end  the  high  re¬ 
sistance  to  ozone. 

References;  Andrianov,  Yu.F. ,  Burova,  I.K.  and  Budlevskaya,  S.Ye., 
"Kauchuk  1  rezlna"  [Caoutchouc  and  Rubber  ],  I961,  No.  8;  Koshelev,  F. 

F.  and  Klimov,  N. S.,  Obshchaya  tekhnologlya  rezlny  [General  Technology 
of  Rubber],  2nd  Edition,  Moscow,  1958. 

Z.M.  Krutova 
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CHROMAL  -  la  an  alloy  with  a  high  electrical  resistance  (p  -  1.4 
2 

ohm*mai  /m)  used  for  the  manufacture  of  heating  elements  of  electric  fur- 
Aiaceto.  The  chemical  composition  is  as  follows:  Fe,  yjfo  Ci  j  and 

Al.  The  alloy  Is  scale-resistant  up  to  1250®.  Chromal  is  produced  as 
the  grade  0Kh27Yu5A  according  to  GOST  9232-59*  See  Alloys  for  heating 
elements. 

References :  Semenova^  N.V.  and  Zhukov,  L.L. ,  "Stal'"  [Steel],  1959, 
No.  7,  page  652. 

F.F.  Khlmushin 
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CHROME  BRONZE  -  Is  a  bronze  which  contains  a  small  quantity  (up  to 
If?)  of  chromium  and  a  number  of  other  additives.  Chrome  bronze  Is  char¬ 
acterized  by  a  high  electrical  and  thermal  conductivity  and  also  by 
heat  resistance  and  a  higher  recrystallization  temperature.  Chromium 
Is  slightly  soluble  In  copper]  the  solubility  attains  0.655^  at  the  tem¬ 
perature  of  the  eutectic  (1072®),  it  drops  rapidly  at  lower  tempera¬ 
tures  and  amounts  to  only  0.025^  at  400*.  Chrome  bronze  Is  easily  work¬ 
able  by  pressing  In  hot  and  cold  state.  The  strength,  hardness  and  also 
the  electrical  and  thermal  conductivity  of  the  alloys  are  considerably 
increased  after  heat  treatment  (quenching  In  water  at  a  temperature  of 
980-1000*  and  tempering  at  480®  for  4  hrs). 

Additions  of  small  quantities  of  other  metals,  especially  of  zir¬ 
conium,  which  forms  with  chromium  a  hlgh-meltlng  chemical  compount 
(Cr^Zr)  insoluble  in  copper,  also  Improve  the  properties  of  chrome 
bronze.  Heat-resistant  bronzes  (MTs5,  MTs5A)  are  developed  by  additive 
chromium  and  zirconium.  When  small  quantities  of  zinc  and  cadmium  are 
added  to  the  cnrome  bronze  grades  E7  and  MTs5B,  the  heat-resistance 
Is  Increased  while  the  high  electrical  and  thermal  conductivities  are 
unchanged;  the  heat-resistance  of  these  bronzes,  however.  Is  lower  than 
that  of  chrome  bronzes  with  zirconium.  Impurities  of  lead,  bismuth  and 
antimony  are  harmful  because  they  seriously  Impair  the  technological 
properties  of  chrome  bronze. 

Binary  chrome  bronzes  and  ones  with  a  more  complex  composition  are 
used  for  the  production  of  parts  which  must  possess  heat- resistance  and 
high  electrical  and  thermal  conductivities,  especially  for  the  design 
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of  the  electrodes  In  spot  and  contact-roller  welding  devices,  for  com¬ 
mutators  of  electric  motors,  etc.  See  Malleable  heat-resistant  bronze. 

References;  Zakharov,  M.V. ,  "Metallovedenlye  1  obrabotka  metallov" 
[Metal  Science  and  Metal  Working],  1956,  No.  5;  Smlryagln,  A.P. ,  Promy- 
shlennyye  tsvetnyye  metally  1  splavy  [Commercial  Nonferrous  Metals  and 
Alloys],  2^  Edition,  Moscow,  1956. 

O.Ye.  Kestner 
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CHRCME  COATINGS  -  are  layers  of  pure  chromium  deposited  electroly- 
tlcally  from  aqueous  solutions  on  the  surface  of  diverse  metal  objects. 
Electrolytic  chrome -plating  Is  widely  used  In  machine  building  due  to 
the  special  properties  of  the  electrolytic  chromium.  Electrolytlcaily 
Jspcslted  chromium  ^  very  low  '-oefficleno  of  friction,  this 

fact  causes  a  high  wear-resistance  (resistance  to  abrasion)  of  the 
chromium  surface  in  the  case  of  sliding  friction.  The  coefficient  of 
friction  of  the  chrome-plated  surface  amounts  only  to  a  fraction  of 
that  of  hardened  steel.  The  coefficient  of  friction  on  gray  iron, 
bronze  and  babbit,  for  example,  has  the  following  values: 

Chrome-plated  surface:  0.06j  O.05,  and  O.08. 

Hardened  steel:  0.22;  0.11,  and  O.19. 

The  friction  coefficient  (with  lubrication)  of  a  chrome-plated 
surface  on  the  AK-4  aluminum  alloy  Is; 

0.021  for  a  chrome-plated  ground  roll. 

The  chromium  coating  hardly  tarnishes.  It  maintains  Its  luster  and 
reflectance  even  In  a  moist  medium;  it  is  resistant  to  the  effect.s  of 
higher  temperatures,  and  an  observable  oxidation,  accompanied  by  temper 
colors,  sets  in  only  at  Chromium  coatings  are  not  sclderable, 

8  d  paint  and  varnish  coatings  do  not  stick  on  them  due  to  the  low  ad¬ 
hesion.  Chromium  is  not  significantly  wettable  by  fluids  and  molten  me¬ 
tals. 

For  special  purposes,  the  chromium  may  be  passivated  by  boiling 
In  oxldlzLng  agents  such  ar  nitric  acid  cr  a  sclutlcxi  of  potassium  per- 
aa.nganate.  Hydrochloric  acid  and  even  hot  sulfuric  acid  do  not  affect 
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chromium  for  a  long  time  after  such  a  treatment. 

The  uses  of  chrome-plating  may  be  subdivided  into  four  groups: 

Decorative  coating,  a  lustrous  coating  applied  In  the  form  of  sev¬ 
eral  layers  on  the  surface  of  steel  or  other  metals. 

Heatproof  coating  is  applied  mainly  to  prevent  the  formation  of 
cinder  on  the  surface  of  steel  parts  working  at  high  temperature  (the 
chromium  layer  is  thicker  than  50  u)*  Depending  on  the  heat-resistance 
of  the  metal,  such  a  coating  may  work  at  850-900*  for  a  long  time  (up 
to  100  hrs). 

Hard  weeu*-reslstant  coating  Is  applied  to  prolong  the  service  life 
of  parts  working  under  sliding  or  rolling  friction  (cylinders  of  diesel 
and  other  Internal  combustion  engLnes)  and  also  to  prolong  the  service 
life  of  steel  tools. 

Hard  porous  chrome-plating  Is  used  for  parts  submitted  to  sliding 
friction  on  places  with  Insufficient  lubrication,  for  piston  rings  and 
engine  cylinders,  for  exan?)le.  The  porous  chromium  coating  retains  the 
lubricant  on  Its  surface  and  becomes  broken  In  rapidly. 

The  dense  and  porous  chromium  coatings  are  used  to  restore  the 
dimensions  of  worn  parts  (repair  variant),  and  also  those  of  new  parts 
whose  dimensions  were  reduced  below  the  standard  during  machining. 

The  chrome-i-lated  parts  are  heated  at  l80-2C0*  In  a  neutral  or 
oily  medium  (or  in  a  case)  to  remove  the  brittleness.  The  chromlu.m 
coating  Is  polished  by  a  medium-hard  precision  S.*!-."  grindstone  (with  a 
grain  size  of  6C-S0)  under  a  flood  of  the  coolant  at  a  di.sc-speed  of 
15-20  m/sec.  Pollshl.ng  remo\'es  a  significant  chromlu-m  layer  (5C-100  u) 
in  the  case  of  hard  dense  coating  as  well  as  In  that  cf  a  porous  coat¬ 
ing.  Porous  chromlu.m  (after  the  fcraaticn  of  the  pores)  Is  frequently- 
honed  In  the  presence  of  a  coolant  (emul."oles  or,  better,  kerosene). 

The  honing  (pollshlrig  cf  the  porous  chromium)  Is  sometimes  carried  out 
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before  the  pores  are  formed. 

All  commercial  Iron-base  alloys,  and  also  cast  iron  grades,  alum¬ 
inum  Sind  titanium  alloys  may  be  chrome-plated.  Chrome-plated  parts 
working  under  sliding  friction  and  under  significant  loads  must  have  a 
finished  surface  of  the  7-^^  class  of  quality.  Practical  experience 
proves  that  chrome-plated  parts  with  a  surface  quality  of  the  10th 
class  and  higher  frequently  seize  up. 

References ;  Bllflnger,  R. ,  Tverdoye  khromlrovaniye  [Hard  Chrome- 
Plating],  translated  from  German,  Moscow,  19^7;  Tupltsyn,  G. I. ,  Svoy- 
stva  poristykh  khromovykh  pokrytly  [The  Properties  of  Porous  Chromium 
Coatings],  Moscow,  19^5  (Dissertation);  Levitskiy,  G.S.,  Khromlrovan¬ 
iye  detaley  mashin  1  Instrumenta  [Chrome-Hating  of  Machine  Parts  and 
Tools],  2nd  Edition,  Klev-Moscow,  1956;  Pertsovskly,  M.L. ,  Porlstoye 
khromlrovaniye  [Porous  Chrome-Plating],  Moscow-Sverdlovsk,  19^9;  Akim¬ 
ov,  G.V. ,  Teorlya  1  metody  Issledovaniya  korrozll  metallov  [Theory  and 
Methods  of  the  Investigation  of  Metal  Corrosion],  Moscow-Lenlngrad, 
19^5. 

G. I.  Tupltsyn 
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CHROMilL  -  is  an  alloy  of  the  NKh9.5  grade  used  In  pyrometry  as  the 
positive  thermoelectrode  in  chromel  —  alumel  (KhA)  and  Chromel  —  Copel 
(KhK)  thermocouples,  and  also  the  alloy  of  the  NKh9  grade  for  compen¬ 
satory  leads.  The  chemical  composition  of  chromel  is  listed  in  Table  1; 
the  temperature  dependence  of  the  physical  properties  of  the  NKh9*5 
chromel  is  listed  in  Table  2. 


TABLE  1 

Chemical  Composition  of  the  Chromel  (GOST  492-52) 


flpOBOnOKt 
Aiin  TCP* 

MOdACK*  7 
Tpoaoi  J 
TcpMo.iap 

npoioAOMa 
nan  KOM-i  pt 
ncHcaii. 
npoaonoa 

*Co  is  added  as  a  trace  element  to  the  nickel  in  order 
to  secure  the  required  value  of  the  thermo-emf.  A  Co 
content  within  0. 6-1.0^  is  specified  in  the  new  edi¬ 
tion  of  the  GOST. 

1)  Alloy;  2)  main  components  {%)’,  3)  impurities  not  more  than);  4) 
application;  5)  NKh9.5;  6)  the  rest;  7)  wire  for  the  thermoelectrodes 
of  thermocouples;  8)  NKh9;  9)  the  same;  10)  wire  for  compensatory  leads. 


3  npmiecii  (%.  Hc  Come) 


Di  As  Sb 


HX9,5  8,n-  OcTSAb-  0,4  0,2  0,05  0,3  0.2  0.002  0,02  0.3  0,00.1  0,002  0,002  0,002  1  ,40 
t  C  ,0  Hoe 


HX9  H.5-  To  wo  0.4  0.2  0,05  0,3  0.2  0.002  0,02  0.3  0,001  0,002  0,002  0,002  1,40 
O  9,5 


4 

npnweitfr- 

Hue 


Chromel  wire,  just  like  wire  from  alumel  and  copel  alloys,  is 
available  in  four  grades,  according  to  GOST  1790-63,  based  on  the  value 
of  the  thermo-emf  when  coupled  with  pure  platinum  at  a  0®  temperature 
of  the  free  ends  and  the  corresponding  standard  temperatures  of  the 
free  ends  and  the  corresponding  standard  temperatures  of  the  working 
ends. 
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TABLE  2 

Temperature  Dependence  of 
the  Physical  Properties 
of  the  NKh9*  5  Chromel  Grade 


y 

- 1 

1 

6 

XI 

o 

Pi 

1 

t 

\ 

1 

i 

% 

L 

1 

4i|iH 

m 

o 

®  i 

^  9  < 
H  *  < 

S 

H  u  S  w  ^ 

0 

IIIO 

200 

.100 

«U0 

SOU 

600 

700 

K«0 

9110 

1000 


0.613 

0.643 

0,672 

0.703 

0.72S 

0.745 

0.763 

0,760 

0,796 

0,617 

O.KOS 


i.on 
4.05 
t.0» 
4.45 
4.19 
4.22 
4.24 
1 .26 
I,. 70 
4  .77 
4  ..76 


U.000490 
0.000467 
0,000444 
0.000357 
0.000276 
0.000226 
<•.<100270 
0. 000270 
0.000278 
0.00022O 


0,00 

7,00 

6.20 

9.55 

42.55 

16.70 

49.70 
27.05 
26.25 
29.45 

72 . 55 


1)  Temperature  (“C);  2)  p.  (ohm«nun  /m);  3)  temperature  coefficient  of 
the  electrical  resistance;  4)  thermo-emf  when  coupled  with  pure  platin¬ 
um  at  a  0®  temperature  of  the  free  ends  (mv). 

TABLE  3 

Dependence  of  the  Physico- 
mechanlcal  and  Electric 
Properties  of  the  Chromel 
Grade  NKh9-5  on  the  Degree 
of  Cold  Deformation 


li 

X 

a. 

c 

tf 

el 

s« 

2^ 

% 

ft 

N 

k 

0 

• 

•o 

t 

k 

o 

9 

i  K  5 

IH 

=  2  *  C 

llii 

6 

s 

► 

0 

206 

80 

36,0 

0.6610,05 

2.47 

8.74 

40 

225 

82 

16,0 

0.674 

2.47 

20 

244 

84 

44.0 

0.674 

2.47 

8,74 

30 

263 

92 

5.0 

0.666 

2,50 

— 

40 

266 

400 

5,0 

0,6S2 

2.55 

8,72 

50 

300 

404 

4,0 

0.642 

2,53 

— 

60 

305 

408 

3,0 

0,636 

2,62 

8.70 

70 

31 1 

442 

3,0 

0.632 

2.67 

60 

320 

444 

2.0 

0,626 

2.65 

8.63 

*A  100  mm  long  rod. 


1)  Percentage  of  deformation;  2)  HB  (kg/mm^);  3)  6^  (kg/mm'^);  4)  p 
(ohm«mmym);  5)  electrical  conductivity  in  comparison  to  copper  (%) ; 
b)  y  (g/cm3). 
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The  effect  of  cold  deformation  on  the  change  of  the  )  ayslcomechan- 
ical  and  electric  properties  of  the  NKh9.5  chromel  grade  are  quoted  In 
Table  3  (Tables  1,  2,  and  3  see  [original]  page  421). 

References;  Berkovskiy,  I.Ya.  and  Kolokolova,  A.G. ,  Nikelevyye 
splavy  [Nickel  Alloys],  Moscow-Lenlngrad,  1941;  Slavinskiy,  M.P. , 
Flzikokhlmicheskiye  svoystva  elementov  [Physicochemical  Properties  of 
Elements],  Moscow,  1952;  Smlryagln,  A.P. ,  Promyshlennyye  tsvetnyye  met- 
ally  i  splavy  [Commercial  Nonferrous  Metals  and  Alloys],  2nd  Edition, 
Moscow,  1956;  Hessenbruch,  W. ,  Metalle  und  Leglerungen  fUr  hohe  Temper- 
aturen  [Metals  and  Alloys  for  High  Temperatures],  Berlin,  1940. 
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CHROME-PLATING  OP  ALUMINUM  ALLOYS  -  is  the  electroplating  of  parts 
made  from  aluminum  alloys  by  a  chromium  layer  In  order  to  protect  them 
from  mechanical  wearing  (hard  or  wear-resistant  chrome-plating)  or  for 
decorative  purposes  (decorative  ejid  protective  chrome-plating).  The 
hard,  50  ix  thick  chromium  layer  provides  a  high  wear  and  corrosion  re¬ 
sistance  for  parts  made  from  aluminum  alloys  working  under  friction. 

The  chrome-plating  Is  recommended  for  simple-shaped  parts  which  are  not 
submitted  to  impact  loads  In  service.  Impacts  cause  hollows,  and  the 
chromium  may  splinter  off.  The  possibility  of  the  coating  cracking,  due 
to  the  great  difference  In  the  linear  expansion  coefficients  of  chrom- 
lum  (OgQ  =  8.24«10“”)  and  aluminum  (o^q  =  22.4»10”  ),  must  be  taken  In¬ 
to  account  in  the  case  of  parts  working  at  high  temperatures.  A  separa¬ 
tion  of  the  chromium  layer  does  not  take  place  in  this  case.  The  decor¬ 
ative  and  protective  chrome -plating  of  aluminum  alloys  is  carried  out 
on  a  nickel  underlayer  (see  Nickel-plating  of  aluminum  alloys). 

References ;  Layner,  V. I. ,  Gal' vanichesklye  pokrytiya  legkikh 
splavov  [Electro-Plating  of  Light  Alloys],  Moscow,  1959. 

N.V.  Garshina 
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CHRCME-PLATING  OP  STEEL  —  Is  the  saturation  of  the  surface  of  low- 
carbon  steel  with  chromium  In  order  to  Improve  the  corrosion  resistance 
and  acldp roof ness.  Chrome -plating  of  medium-carbon  and  high-carbon 
steel  also  greatly  Improves  Its  hardness  and  wear-resistance.  The 
chrome-plating  is  carried  out  with  a  powdered  mixture  composed  of  5056 
ferrochrome,  AlgO^,  and  55^  NHi^Cl.  The  process  is  also  performed 
in  vacuum  furnaces  at  a  vacuum  of  1*10  -1»10  mm  mercury  column.  In 

a  gaseous  medium  (Hg  +  HCl  or  HCl),  or  in  a  ceramic  body  (previously 
impregnated  with  chromium  chlorides).  A  0.10-0.12  mm  thick  chrome- 
plated  layer  (a  solid  solution  of  chromium  in  a  iron  with  a  mlcrohard- 
ness  of  about  160  kg/mm  )  is  formed  on  08  steel  at  1000®  within  8-10 
hours;  a  0.02-0.03  mm  thick  layer  (chromium  carbide,  Cr^^Cg,  with  a 
microhardness  higher  than  1300  kg/mm  )  is  formed  on  UlO  steel.  Chrome- 
plating  of  steel  is  used  in  the  manufacture  of  chains  for  wood-cutting 
motor-saws,  of  steel-punches  for  knocking  bolts  out,  of  nozzles,  of 
barette  and  smooth-cut  files,  and  of  parts  working  in  the  atmosphere 
and  in  aggressive  media. 

References ;  Dubinin,  G.N.,  Diffuzlonnoye  khromlrovaniye  splavov 
[Diffusion  Chrome-Plating  of  Alloys],  Moscow,  196^;  Gorbunov,  N.S., 
Vakumnyy  metod  termokhromlrovaniya  [Vacuum  Method  of  Thermal  Chrome- 
Plating],  Moscow,  1955- 

A.N.  Mlnkevich 
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CHROME-PLATING  OF  TITANIUM  ALLOYS  -  is  the  application  of  a  chrom¬ 
ium  layer  on  the  surface  of  titanium  alloys  by  means  of  electrodeposl- 
tlon;  it  is  used  to  improve  the  antifriction  properties  and  to  obtain 
an  underlayer  for  other  metals. 

A  difficulty  of  electroplating  is  the  method  with  which  to  acti¬ 
vate  the  surface  of  titanium  and  its  alloys:  it  must  replace  the  natur¬ 
al  oxide  film  by  a  film  which  protects  the  metal  from  oxidation  and 
which  has  a  higher  chemical  activity.  Of  all  the  methods  of  preparing 
the  surface  of  titanium  and  its  alloys  for  plating  with  chromium  and 
for  copper-plating  (see  Copper-plating  of  titanium  alloys),  the  elec- 
tropolating  methods  are  the  most  thoroughly  investigated  ones.  Chemical 
pickling  in  a  solution  of  sulfuric  acid  at  a  raised  temperature,  in 
concentrated  hydrochloric  acid,  in  a  mixture  of  hydrochloric  or  nitric 
acids  with  hydrofluoric  acid,  in  a  mixture  of  solutions  of  sulfuric 
and  phosphoric  acids,  in  a  solution  of  hydrofluoric  acid  in  ethylene 
glycol,  etc.,  are  recommended  for  this  purpose.  A  film  titanium  hy¬ 
dride,  with  a  higher  electrical  conductivity  than  the  oxide  film,  is 
formed  on  the  surface  of  titanium  and  its  alloys  durixig  the  pickling 
in  acids,  and  the  electroplating  is  applied  subsequently  on  this  film. 
The  other  principal  method  for  activating  the  surface  is  treatment  with 
a  solution  of  zinc  salts  and  hydrofluoric  acid  in  ethylene  glycol,  re¬ 
sulting  in  an  electrochemical  or  contact  deposition  of  a  thin  zinc  lay¬ 
er  (with  a  thickness  of  a  few  u)  which  does  not  adhere  to  the  basic 
metal  but  maintains  the  active  state  of  the  surface  and  becomes  dissol¬ 
ved  in  the  chromium  electrolyte  when  the  chrome-plating  begins.  This 
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method,  however.  Is  less  reliable  and  Is  more  rarely  applied.  Pickling 
at  a-c  in  solutions  of  acetic  and  hydrofluoric  acids,  electrochemical 
treatoient  In  a  melt  of  salts,  treatment  with  surface-active  agents, 
etc.  are  also  recommended. 

The  chrome -plating  of  titanium  alloys  Is  carried  out,  after  activa¬ 
tion  of  the  surface.  In  the  same  manner  as  the  chrome -plating  of  steel 
(see  Chrome -plating  of  steel).  Tempering  at  750-850“  In  air  takes  be¬ 
tween  30  min  and  2  hours  and  Is  carried  out  Immediately  after  the 
chrome-plating  In  order  to  improve  the  cohesion  between  the  chromium 
and  the  basic  metal.  The  tempering  results  In  a  destruction  of  the  hy¬ 
dride  film  (when  It  is  present)  and  a  diffusion  of  the  chromium  into 
the  titanium,  forming  interlayers  which  secure  a  good  adhesion  of  the 
chromium  coating  on  the  basic  metal.  The  plating  of  titanium  and  Its 
alloys  with  chromium  or  other  metals  by  means  of  electrodeposition  may 
cause  a  considerable  brittleness  In  any  layer  of  the  basic  metal  due 
to  Its  hydrogenation  during  the  pretreatment  of  the  surface  by  pickling 
and  also  during  the  chrome -plating  process  Itself  due  to  the  formation 
of  Interraetallic  compounds  In  the  Intermediate  diffusion  zone  during 
the  tempering.  The  chrome-plating  Is  carried  out  In  one  stage  when  the 
chromium  serves  as  an  underlayer  for  other  metals.  The  tempering  may 
be  carried  out  Immediately  after  the  chrome-plating  or  after  the  other 
metal  layer  Is  applied. 

Chrome-plating  of  titanium  alloys  to  Improve  the  antifriction  pro¬ 
perties  Is  carried  out  In  two  stages.  First,  a  dull  15-20  p.  thick 
chromium  layer  Is  applied,  the  diffusion  tempering  follows,  and  then  a 
second  chrome -plating  with  a  lustrous  chromium  layer  of  the  required 
thickness  Is  carried  out  after  the  chromium  oxide  has  been  removed  from 
the  surface  (by  grinding  or  electrochemical  pickling). 


References :  Layner,  V.I.,  Gal* vanlchesklye  pokrytlya  legklkh  splav- 
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ov  [Electroplating  of  Light  Alloys],  Moscow,  1959;  Burdina,  S.M.  and 
Samartsev,  A.G. ,  "Zhurnal  prlkladnoy  khlmll,"  i960,  Vol.  33,  No.  5, 
page  ll4l;  Batashev,  K. P. ,  Osazhdeniye  gal' vanlchesklkh  pokrytly  na 
titan  1  yego  splavy  [Deposition  of  Electrocoatings  on  Tltemlum  and  Its 
Alloys],  Leningrad,  1959;  Missel,  L. ,  "Metal  Finish,"  1958,  Vol.  56, 

No.  9,  pages  49-51;  Levy,  C. ,  Ibid.,  i960,  Vol.  58,  No.  5,  pages  49-55. 

I.S.  Anltov 
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CHROME  STEEL  FOR  PERMANENT  MAGNETS  -  see  Alloyed  steel  for  perman¬ 


ent  magnets. 
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CHROMIUM,  Cr,  Is  a  chemical  element  of  the  Vlth  group  of  Mendel¬ 
eyev's  Periodic  System,  the  atomic  number  Is  2k,  the  atomic  weight  Is 

CQ 

51.996.  The  natural  chromium  Is  composed  of  4  stable  Isotopes;  Cr^ 
(4.315^),  Cr^^  (83.765^),  Cr^^  (9-555^),  and  Cr^^  (2.3Q^)i  various  arti¬ 
ficial  radioactive  Isotopes  of  Cr  had  been  prepared  using  nuclear  reac¬ 
tions,  the  most  significant  of  them  are:  Cr^^  ^*^1/2  “  ^1*7  mln),  and 
Cr^^  (^1/2  “  27.8  days).  Chromium  Is  similar  to  Mo  and  W  with  respect 
to  a  number  of  physicochemical  properties. 

The  chromium  resources  In  the  crust  are  large  and  surpass  the  to¬ 
tal  of  all  other  hlgh-meltlng  metals.  Crhome-lron  ores,  widespread  In 
the  USSR,  are  the  basic  natural  chromium  ores.  Metallic  chromium  Is  pre 
pared  mal-^ly  by  alumlnothermal  and  slllcothermal  otethods.  High-grade 
chromium  is  obtained  by  electrolysis  and  subsequent  refining  In  dry 
hydrogen  at  150O-I600®.  Other  methods  for  the  preparation  of  metallic 
chromium  are  not  significant  for  ♦he  Industry.  Refined  chromium  Is  re¬ 
melted  in  electrical  Induction  or  arc  vacuum  furnaces  In  an  atmosphere 
of  a  purified  inert  gas  (argon  or  helium  or  a  mixture  of  them). 

Machine  parts  of  chromium  are  obtained  by  precise  casting  or  by 
deformation.  Depending  on  the  purpose  and  the  conditions  the  deforma¬ 
tion  is  carried  out  between  700  and  530*-  The  heating  of  the  metal  at 
high  temperatures  is  carried  out  in  an  atmosphere  of  purified  hydrogen 
or  inert  gas;  the  deformation  is  done  In  air.  Chromium  sustains  a  reduc 
tion  of  more  than  905^  during  one  passage  of  the  tool.  The  pressing  of 
a  billet  of  100  mm  diameter  into  a  rod  is  carried  out  (at  1500*)  under 
the  following  specific  pressures:  reduction  by  8ojt  at  75  kg/aan*’;  by 
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855^  at  90  kg/mm^j  by  90f(  at  120  icg/mm^,  and  by  955^  at  150  kg/am^.  The 
specific  pressure  is  reduced  and  the  life  of  the  tool  is  increased  when 
a  lubricant  is  used. 

Hods,  strips,  sheet-bars  and  sheets  with  a  thickness  up  to  0.8  mm 
are  made  from  chromium  by  deformation.  Chromium  sheets  with  a  thick¬ 
ness  up  to  0.3  on  plated  with  stainless  steels  and  alloys,  are  also 
manufactured. 

Chromium  is  satisfactorily  machinable  by  all  cutting  methods; 
machining  with  abrasive  tools,  however,  may  cause  cracks  on  the  surface 
of  the  parts.  The  finished  objects  are  pickled  in  order  to  detect  sur¬ 
face  flaws  (see  Corrosion  of  Chromium).  The  cutting  of  the  she.-:ts  by 
means  of  shears,  and  the  bending  are  carried  out  at  600-700®. 

Chromium  Is  weldable  with  chromium,  stainless  steels  and  alloys  by 
means  of  electron-beam,  argon-arc,  and  resistance  welding  after  pre¬ 
heating  of  the  metal. 

The  physical  properties  of  chromium  depend  on  the  nature  and  quan¬ 
tity  of  impurities.  The  stable  chromium  lattice  Is  a  body -centered  cube 
with  a  lattice  constant  of  2.8787  A.  Chromium  with  other  lattice  types 
may  be  cbtalnee  by  electrolysis.  With  time,  however,  especially  after 
heating  of  the  metal,  a  polymorphous  transformation  of  the  nonequill- 


brlum  Into  the  eoulllbrlum  lattice  takes  place. 

Refined  chromium  has  a  t^j^  of  I910*,  and  a  of  2^*69".  Impuri¬ 

ties  lower  the  t*^.  The  t®^  becomes  lowered  by  heating  in  hydrogen  at¬ 
mosphere  and,  especially,  in  nitrogen.  Chromium  possesses  a  high  vapor 
pressure  (In  atm):  10''  (at  1000®);  10"'^  (at  II50®);  lO’*"  (at  1270®); 
10'^  (at  1520®);  10’-  (at  1590®),  and  10’^  (at  1810®).  The  solid  li¬ 


quid  and  gaseous  phases  of  chromium  are  In  equlibrium  at  the  t®^  when 
the  gaseous  phase  has  a  pressure  of  63.5  «m  mercury  column-  At  a  higher 


pressr.re,  a  transition  of  chromium  from  the  solid  ?nto  the  liquid  phase 
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occurs,  and  at  a  lower  pressure  It  transforms  directly  from  the  solid 
Into  the  gaseous  phase,  avoiding  the  liquid  phase.  The  sublimation  heat 

Is  84-95  kcal/g-atom.  The  evaporation  rate  of  the  chromium  at  a  pres- 

—6  2  —7 

sure  of  10”  mm  mercury  column  Is  equal  to  (In  g/cm  . sec):  9* 86* 10“' 

(at  1355®);  7- 3*10“^  (at  1455®),  and  1.92*10“^  (at  1561*).  The  tempera¬ 
ture  dependence  of  the  evaporation  of  chromium  In  an  absolute  vacuum  Is 
(In  cm/year):  10"^  (at  750-)]  lO”^  (at  870*),  and  10“^  (at  1000*).  The 
boiling  point  depends  on  the  pressure  as  follows:  2469*  (at  760  mm  mer¬ 
cury  column);  178?®  (at  10"^);  1637®  (at  10”^);  1511®  (at  10"^  (at 
10”^);  1311®  (at  10”^)  1220*  (at  10”^),  and  986*  (at  10"^°).  The  evap¬ 
oration  rate  of  the  solid  chromium  may  be  greatly  reduced  by  alloying. 
The  density  of  chromium  Is  7*2  g/cm^. 

The  free  energy  Is  (In  cal/*C«mole) :  2.33  (at  25®);  4.32  (at  227®); 
5.89  (at  427®);  7-81  (at  727®);  9-39  (at  1027®);  11.52  (at  1527®); 

12.53  (at  1727®);  and  15-71  (at  2500®).  The  enthalpy  of  chromium  is  (in 
cal/mole):  0.62  (at  127®);  3-38  (at  527®);  7-52  (at  1027®),  and  12.47 
(at  1550®).  The  entropy  Is  (In  cal/mole«®C) :  I.78  (at  127*);  6.53  (at 
527®);  11.52  (at  :0  »),  and  13-71  (at  1550®).  The  characteristic  tem¬ 

perature  change-  -..it:  5n  the  range  of  ^90-580®,  depending  on  the  state 
of  the  metal.  The  ;;a'.  ’  constant  Is  1.^55»15'’  v»cm/amp» oersted.  Optical 
properties:  ref of  chromium  (In  Jt)  depending  on  the  wavelength 
of  the  Incident  iIt  i  (silver  taken  as  lOOJ^) :  lU  (at  13OO  A);  37  (at 
2000  A);  67  (a  0  A);  70  (at  7000  A);  63  (at  10,000  A),  and  88  (at 
40,000  A).  The  «cr.-  ‘i. notion  for  the  emission  of  thermal  electrons  Is 
^.6  ev;  the  phctc#*'iect ric  work  function  Is  4.57  ev.  The  recrystalllza- 
tlon  tempe*^  *  ;  e  cf  ohrcmlua  depends.  Just  as  that  of  other  metals,  on 
many  fact  •  recry  tall Izat Ion  temperature  of  chromium  prepared 

accordin'  f  e  Industrial  technology  lies  within  800*850®.  X  (In  kcal/ 
/cm*sec*®C^  1.  :  .  .  (at  IOC®);  0.I8  (at  500®),  and  0. 16  (at  900®).  Of 
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interest  is  the  Increase  of  the  heat  conductive  of  chromium  with  rising 
temperature:  a»10^  (per  1“C)  Is:  7*5  (within  20-100®);  8.8  (within  20- 
600®)  and  10.0  (within  20-1000®).  c  (in  cal/mole»®C)  is  5-52  (at  20®); 
5.75  (at  500®);  5.85  (at  900®);  9.^0  for  the  liquid  metal,  and  5-04  for 
chromium  vapor,  p  (in  ohm'cm^/m)  is:  0.128  (128  (at  20®);  0.42  (at 
600®);  0.86  (at  1200®),  and  1.46  (at  1600®).  Chromium  is  not  transform¬ 
ed  into  a  superconducting  state  when  the  temperature  is  reduced  to  0.7*K 
The  electrochemical  equivalent  of  chromium  (in  mg/coulomb)  is  O.08983 
for  the  trivalent,  and  0. 1796f;  for  the  hexavalent  metal.  The  normal 
electrode  potential  of  the  trivalent  chromium  is  0.5  v;  the  hydrogen 
overvoltage  is  0.38  v.  The  radiation  factor  lies  within  0.39  and  1.27 
Kcal/cm  'hr'k  (at  100-1000®);  the  blackbody  factor  is  O.08-O.26  for 
the  nonoxlulzed,  and  0.7-0. 8  for  the  oxidized  metal.  (The  values  change 
depending  on  the  external  conditions  and  the  state  of  the  metal).  The 
cross  section  for  the  thermal  neutron  absorption  is  equal  to  2.9  ±  0*1 
barn/atom. 

Chromium  is  paramagnetic.  The  susceptibility  is  equal  to  1.65»10° 
cm-"  at  20®.  Chromium  has  an  antiferromagnetic  structure  up  to  44-200®, 
depending  on  the  state  of  the  metal  and  the  percentage  of  impurities. 

An  anomalous  cheinge  of  certain  physical  properties  of  chromium 
takes  place  at  37°;  a  sudden  decrease  of  E,  and  increase  of  the  inter¬ 
nal  friction  coefficient,  etc.  Impurities  and  alloying  reduce  the  temper 
ature  of  the  anomalous  change  of  certain  physical  properties.  The  self- 
diffusion  of  chromium  occurs  both  frontally  and  along  the  grain  bound¬ 
aries  at  a  temperature  of  1000-1350®.  The  rate  of  the  self-diffusion 
along  the  boundaries  is  considerably  higher  than  that  of  the  frontal 
selfdiffusion.  The  activation  energy  of  the  selfdiffusion  process  of 
chromium  is  7'’  kcal/g-atom  in  the  grains,  and  46  kcal/g-atom  along  the 
grain  boundaries.  The  mean  value  of  the  surface  tension  of  chromium  in 
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an  atmosphere  of  purified  Inert  gas  or  hydrogen  Is  equal  to  1590  ±  50 
erg/cm^  at  1950®. 

Commercial-grade  chromium  Is  used  as  a  component  for  the  alloying 
of  steels  and  alloys.  Chromium  and  its  chemical  compounds  are  applied 
In  diverse  engineering  branches:  In  ceramics,  chemistry,  glass-melting, 
powdermetallurgy,  etc.  The  solution  of  the  problem  of  the  plasticity 
of  chromium  has  made  It  possible  to  begin  using  It  as  a  structural  ma¬ 
terial.  Chromium-base  heat-resisting  alloys  were  developed  which  work 
for  a  short  time  or  under  alternating  conditions  up  to  15OO-I60O®. 

Parts  made  from  chromium  withstand  a  temperature  of  1100-1200®  for  a 
long  time  permitting  a  short-time  overheating  up  to  15OO-I6OO®.  A  semi- 
commercial  manufacture  of  semifinished  products  from  chromium  (rods, 
strips,  and  other  profiles  obtained  by  pressing)  Is  In  existence  at 
present. 

Chromium  vapor,  dust,  and  compounds  are  toxic  for  the  human  organ¬ 
ism.  The  skin  and  the  mucous  membranes  of  the  respiratory  tract  are 
mainly  affected  Involving  Invlammatory  processes.  0.1  mg/m^  Is  the  per¬ 
missible  limit  of  dust  concentration  In  the  air  of  the  working  section 
of  a  shop.  Ventilation,  overalls,  careful  washing  of  the  skin  with  warm 
water,  washing  of  the  nose  and  gargling  of  the  throad  with  a  solution 
of  common  salt.  Inhalation,  systematic  medical  examination,  regular  wet 
wiping  of  the  room  including  walls  and  ceiling,  are  the  precautionary 
measures  applied. 

The  mechanical  properties  of  chromium  (see  Table)  were  determined 
with  a  metal  produced  by  means  of  the  Industrial  technology.  Electro- 
lytlcally  refined  chromium  was  used  as  a  charge.  The  specimens  were 
prepared  from  a  deformated  and  heat-treated  metal. 

The  6^  depends  at  1000®  on  the  loading  rate  as  follows:  10  (at 
1  sec);  9.5  (at  10  sec);  8  (at  30  sec);  7-5  (at  100  sec);  and  6.0  (at 
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1  sec);  9-5  (at  10  sec);  8  (at  30  sec);  7-5  (at  100  sec);  and  6.0  (at 

300  sec);  K  (the  modulus  of  hydrostatic -type  compression)  Is  17. 1*10^ 
kg/mm^;  \l  Is  equal  to  0.24.  ^  ^^50®  Is  equal  to  0.3- 

0.5  kg/mm^;  based  on  10^  cycles  Is  equal  to  24  kg/mm^  (at  20®)  and 

2  kg/mm^  (at  1150®). 

Chromium  has  a  high  thermal  endurance:  cylindrical  specimens  (with 
a  diameter  of  5  mm)  withstand  500  thermal  shocks  (heating  by  electric 
current  at  1150®  for  15  sec,  cooling  In  air  up  to  100®  within  30  sec) 
without  failure  when  not  loaded  or  under  a  bending  load  of  2  kg/cm^; 
the  mechanical  properties  at  20®  and  1000®  show  virtually  no  change 
after  500  thermal  shocks.  Alternating  heating  up  to  1100®  with  cooling 
docs  not  Involve  Irreversible  changes  of  the  shape  of  cylindrical  spe¬ 
cimens.  At  temperatures  up  to  150-200®,  chromium  (especially  Its  plas¬ 
ticity)  Is  sensitive  to  cuts  and  to  the  state  of  the  surface;  Its  pro¬ 
perties  become  Independent  on  the  state  of  the  surface  at  higher  temper¬ 
atures.  Pickled  and  electropollshed  chromium  specimens  possess  increas¬ 
ed  plasticity  properties  at  20®  and  lower  temperatures.  The  Industrial 
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technology  of  today  permits  one  to  produce  a  chromium  which  Is  plastic 
up  to  -50®  on  bending,  and  up  to  0®  on  drawing;  a  metal  with  a  higher 
plasticity  was  prepared  under  laboratory  conditions.  The  problem  of  the 
cold-shortness,  l.e.,  a  low  resistance  to  Impact  loads.  Is  still  not 
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dissolved.  The  cold-shortness  of  chromium  up  to  IOO-I5O®  Is,  therefore, 
its  main  shortcoming. 

The  brittle  state  Is  deteimlned  by  the  dependence  of  the  plasti¬ 
city  characteristics  on  the  nature  of  the  stressed  state,  the  loading 
rate,  and  other  factors.  The  temperature  of  the  transition  of  chromium 
from  the  cold-short  into  the  nonbrlttle  state  Is  not  constant  because 
besides  the  above-mentioned  factors,  the  content  of  Impurities,  the 
state  of  the  metal,  etc. ,  play  a  role  also.  The  transition  from  the 
cold-short  state  Into  the  nonbrlttle  state  proceeds  In  a  small  temper¬ 
ature  range  without  hysteresis.  The  other  physicochemical  properties 
experience  no  anomalous  changes  In  the  mentioned  temperature  range.  The 
failure  of  chromium  occurs  at  both  low  and  high  temperatures  mainly 
along  the  grains  (on  drawing  or  on  bending).  On  torsion,  a  mixed  fail¬ 
ure  along  the  boundaries  and  across  the  grains  may  take  place.  Experi¬ 
mental  data  prove  the  hypothesis  that  the  shortness  of  chromium  at  nor¬ 
mal  temperature  Is  not  one  of  its  basic  properties. 

In  a  first  approximation,  the  cold-shortness  of  chromium  may  be 
explained  by  the  relation  between  the  tensile  strength  and  the  resist¬ 
ance  to  the  Initial  plastic  deformation.  The  tensile  strength  must 
remain  almost  constant  within  a  wide  temperature  range,  lowering  only 
at  sufficiently  high  temperatures.  The  surface  energy  of  solids.  In  a 
physical  sense  connected  with  the  tensile  strength,  follows  this  law. 
Thfi  metal  Is  in  a  plastic  state  within  the  temperature  range  In  which 
the  tensile  strength  Is  higher  than  the  resistance  to  the  primary  plas¬ 
tic  deformation.  The  metal  Is  transformed  Into  a  brittle  state  when  the 
resistance  to  the  primary  plastic,  deformation  becomes  higher  or  equal 
to  the  tensile  strength  due  to  the  effect  of  certain  factors  (tempera¬ 
ture,  Impurities,  nature  of  the  stressed  state,  loading  rate,  etc.). 

The  resistance  to  the  primary  nlastic  deformation  drops  at  rising  tem- 
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peratures  more  rapidly  than  the  tensile  strength.  Therefore,  chromium 
passes  from  the  cold-short  Into  the  nonbrlttle  state  when  the  tempera¬ 
ture  rises  to  a  certain  level  (this  temperature  Is  frequently  termed 
temperature  of  the  shortness  threshold).  Independently  on  the  nature  of 
the  stressed  state  and  the  loading  rate.  A  chromium,  plastic  and  non- 
cold-short  not  only  at  positive  hut  also  at  negative  temperatures,  can 
be  prepared.  For  this  purpose,  ajj  at  20*  must  be  Increased  to  1. 0-2.0 
kgm/cm  . 

References;  Sully,  A.,  Khrom  [Chromium],  translated  from  English, 
Moscow,  1958;  Marvin,  J. ,  Chromium,  Vol.  2,  N.Y. ,  1956. 

I.O.  Panasyuk  and  A. I.  Kozlov 
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CHROMIUM  ALLOYS  -  are  heat-resistant  alloys  whose  strength  charac¬ 
teristics  at  temperatures  of  1100-1200*  have  intermediate  values  be¬ 
tween  those  of  heat-resistant  alloys  based  on  Fe  and  Ni,  and  those  of 
the  higher-melting  metals  (Nb,  Mo,  W). 

The  alloys  VKh-2  and  VKh-2I  are  plastic  at  20®  and  possess  the  fol¬ 
lowing  mechanical  properties;  0^  (kg/mm^)  =  35-^5  (at  20®);  20-25  (at 
800®),  15-18  (at  1150®),  and  4-5  (at  1500®).  Cq  2  (kg/mm^)  =  20-25  (at 
20®),  16-18  (at  800® ),  and  10-l4  (at  1000®).  HB  =  120-130  kg/mm^  (at 
20®).  E  (kg/mm^)  =  28. 10"^  (f.  c  20®),  and  23“10"^  (at  1000®).  At  a  tern- 
perature  of  1150®,  the  alloys  withstand  stresses  of  8-10  kg/mm  for 

O  P 

10  hours,  4-5  kg/mm'^  for  10  hours,  4-5  kg/mm  for  100  hours,  and  2  kg/ 

p 

/mm  for  100  hours.  6  is  about  30^  for  both  alloys  after  fracture,  y  - 
=7*2  g/cm^.  The  alloys  are  sufficiently  heat-resistant  in  the  whole 
range  of  working  temperatures. 

Rods,  strips,  sheets  and  blanks  of  parts  are  made  from  the  alloys 
of  this  type  by  methods  of  deformation  and  precision  molding.  Sheets 
plated  with  stainless  steel  and  alloys  are  also  produced.  The  plated 
surface  may  be  removed  by  pickling  when  necessary.  Plated  sheets  have 
a  better  technological  efficiency.  In  both  cases,  the  cutting  and  bend¬ 
ing  of  parts  is  carried  out  at  500-600^.  The  alloys  VKh-2  and  VKh-2I 
are  characterized  by  a  high  resistance  to  corrosion  in  the  atmosphere 
of  industrial  districts,  under  tropical  conditions,  in  sea  water,  ni¬ 
tric  acid,  cxldsuits  based  on  nitric  acid,  and  other  aggressive  media. 

Blanks  obtained  by  the  methods  of  deformation  and  molding  are  sub¬ 
mitted  to  heat  treatment  before  the  machining. 
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The  alloys  are  sufficiently  machinable  by  all  cutting  methods.  A 
low  resilience  and  a  sensitivity  to  notches  up  to  a  temperature  of 
150-200y  are  the  main  disadvantages  of  these  alloys.  Parts  made  from 
the  VKh-2  alloy  require  protection  from  brlttlelng  caused  by  the  chem¬ 
ical  reaction  of  the  surface  layers  of  the  metal  with  the  nitrogen  of 
the  gaseous  phase  when  working  In  air  at  high  temperatures  for  a  long 
time.  Parts  made  from  the  VKh-2I  alloy  do  not  require  surface  protec¬ 
tion  up  to  1300®  (the  Increase  In  weight  amounts  to  0.25  g/m^  per  hour 
after  heating  for  100  hours). 

Hlgh-chromlum  alloys  of  the  VKh-3  type  are  sufficiently  stable  un- 

p 

der  stresses  up  to  20  kg/mm  for  more  than  100  hours  at  1030®,  and  at 
1150®  under  stresses  up  to  15  kg/mm^.  6  ^  based  on  lo'^  cycles  of  asym- 
metrical  bending  has  the  following  values  (In  kg/mm'^):  20  (at  20®), 
and  15  (at  II50®).  6q  2  ~  ^  kg/mm^  at  1150®  for  100  hrs.  X  (cal/m»sec  x 
X  ®C)  Is  0.21  (at  100®)  and  0.33  (at  90O-IOOO®).  0*10^  (l/®C)  Is:  8.1 
(at  20-100®)  and  10. 5  (at  20-1000®).  c  (cal/g*®C)  Is  O.098  (at  100®), 
0.12  (at  500®),  and  O.19  (at  1200®).  y  =  7.6  g/cm^.  Alloys  of  this  type 
are  of  Interest  for  stationary  equipment  working  under  stable  condi¬ 
tions,  especially  under  compressing  loads.  The  alloys  do  not  oxidize 
and  ao  not  become  brittle  even  after  a  xong  time  working  at  100-1200® 

In  an  oxidizing  atmosphere.  In  air,  and  in  steam.  The  hlgh-chromlum  al¬ 
loys  are  not  malleable.  The  objects  are  manufactured  by  precision  mold¬ 
ing  and,  further,  undergo  heat  treatment  and  a  subsequent  machining.  In 
this  case  there  exists  a  danger  of  surface  cracks. 

The  plastic  chromium  alloys  of  the  VKh-4  type,  which  are  not  cold- 
brittle  at  20®,  possess  a  HB  up  to  300  kg/mm*^. 

The  VKh-^  alloy  Is  characterized  by  the  following  properties;  6^ 
(kg/mm^)  Is  110-115  (at  20®),  20-22  (at  1000®),  and  10  (at  1200®), 

®0.2"  ®5-90  kg/mm^  (at  20®).  =  4-5  kgm/cm^  (at  20®).  y  =  7.9  g/cu?. 
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The  mechanical  properties  of  both  the  cast  and  the  deformed  alloy  are 
almost  the  same  after  heat  treatment.  Parts  obtained  by  casting  or  by 
deformation  are  submitted  to  heat  treatment  before  the  machining.  The 
alloy  possesses  good  casting  properties  (the  casting  shrlnlcage  during 
crystaJllzatlon  is  2.15^);  It  Is  heat  resistant  up  to  1200*  In  air  (the 
increase  in  weight  amounts  to  0.7  g/m^»hr  after  100  hours  heating);  It 
is  sufficiently  weldable,  it  resists  corrosion  In  atmosphere,  sea  wa¬ 
ter  and  a  number  of  other  aggressive  media,  and  does  not  require  sur¬ 
face  protection  from  brittleness.  The  VKh-4  alloy  Is  almost  equivalent 
to  the  malleable  nickel-base  alloys  with  respect  to  Its  strength  pro¬ 
perties;  it  surpasses  them,  however,  by  Its  higher  melting  temperature. 

Rods,  strips,  shaped  blanks,  and  sheets  are  made  from  the  VKh-^ 
alloy.  The  alloy  is  easily  machinable  by  cutting. 

Certain  chromium  alloys  and  chromium  compounds  are  of  Interest  for 
Instrument  manufacture.  Two  chemical  compounds,  CrSb  and  CrSb2,  for 
example,  originate  In  the  chromium  -  antimony  system.  The  CrSb  compound 
Is  an  antiferromagnetic  with  a  Neel  point  of  ^20  ±  10®.  This  compound 
has  mSLxlmum  electrical  resistance  at  420*;  the  resistance  Increases  up 
to  420®  8uid  drops  at  hlgaer  temperatures  In  the  same  manner  as  In  semi¬ 
conductors:  4.2*10”^  (at  20*);  7.8*10  ^  (at  420'^),  and  5.5*10  (at 
550®)  ohm«cm. 

Some  alloys  of  chromium  with  tellurium  and  platlum  are  ferromag¬ 
netic.  The  chromium  alloy  contalrtlng  48. 55^  tellurium  Is  ferromagnetic 
up  to  60®.  The  magnetic  intensity  of  the  alloy  attains  the  saturation 
(about  300  gauss)  at  20®  In  an  external  magnetic  field  of  8000  oersted. 
The  magnetic  intensity  Increases  linearly  to  about  175  gauss  when  the 
force  of  the  external  magnetic  field  rises  to  5C00  oersted.  A  number 
of  chromium-germanium  alloys  are  ferromagnetic  in  the  temperature  range 
of  77-110®K  and  have  a  Curie  point  about  100-110®K.  The  ferromagnetism 
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of  the  alloys  Is  probably  caused  by  the  ferromagnetism  of  the  formed 
CrQe2  phase.  Alloys  with  66.6  and  70  atom-$^  germanium  possess  the  high¬ 
est  ferromagnetic  properties. 

The  chromium  alloys  are  melted  In  arc  and  induction  vacuum  furna¬ 
ces  in  an  atmosphere  of  purified  Inert  gas  (argon,  or  helium)  or  In  a 
mixture  of  the  gases.  The  arc  Is  strongly  dispersed  In  argon;  In  helium, 
however.  It  Is  Ignltable  only  with  difficulty  and  then  does  not  burn 
stably. 

Objects  made  from  chromlun  alloys  wlthsta.id  a  single  or  cyclic 
overheating  up  to  1500-I600®  for  a  short  time,  l.e.,  to  a  temperature 
which  Is  considerably  higher  than  the  melting  point  of  the  heat-resist¬ 
ant  Iron  and  nickel-base  alloys.  A  certain  chromium  alloy  may  prove  It¬ 
self  to  be  the  sole  suitable  structural  material  for  objects  working 
at  high  temperatures  (higher  than  1000*)  In  &i\  oxidizing  atmosphere 
where  alloys  requiring  a  surface  protection  from  gas  corrosion  (ero¬ 
sion  effect  of  the  working  medium)  are  not  applicable.  Parts  made  from 
chromium  alloys  work  most  efficiently  under  stationary  heating  condi¬ 
tions  and  in  the  absence  of  Impact  loads. 

Chromium  and  Its  alloys  are  of  great  Interest  for  chemical  and 
power  machinery  due  to  their  high  corrosion  resistance  and  their  reli¬ 
ability  under  the  stationary  conditions. 

References :  Sully,  A.  Khrom  [Chromium],  treu'.slated  from  Qigllsh, 
Moscow,  1958;  Marvin,  J. ,  Chromium.  Vo3 .  P.  ,  N.Y.  ,  1956;  "Prod.  Engng.," 
1961,  Vol.  32,  No.  38;  "J.  Inst.  Metals,"  196  -1961,  Vcl.  89,  Part  3,, 
page  ICl. 

I.O.  Fanasyuk 
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CHRYSuBERYL  —  is  a  mineral  with  '••.he  composition  AlgBeO^^,  beryllium 
alumlnate,  in  which  the  oxygen  ions  are  placed  according  to  the  princi¬ 
ple  of  the  most  simple  hexagonal  packing:  the  beryllium  Ions  are  sur¬ 
rounded  by  four,  and  the  aluminum  ions  by  six  oxygen  ions. 

Varletle". :  alexandrite,  chromium-containing,  bright-green;  cymo- 
phane,  with  a  wavy  opalescence  in  sunlight.  The  crystal  system  is 
rhombic.  The  crystals  have  a  tabular  shape,  they  are  sometimes  short¬ 
er  long-prismatic.  Tabular  concretions  with  a  hexagonal  shape  are  form¬ 
ed  frequently.  The  specific  gravity  is  3* 50-3* 84.  The  cleavability 
along  the  (001),  (010),  and  (100)  planes  is  uneven.  The  fracture  is  con- 
choidal.  The  Mohs  hardness  is  8.5.  The  mineral  is  yellow,  different 
tints  of  green  or  brown;  it  is  rarely  colorless.  The  streak  is  color¬ 
less.  Refraction  indices:  N  1.733-1.758;  N  1.747-1.749  N  1.744-1.747; 

—  Np  =  0.009.  Polished  microsections  are  colorless.  Chrysoberyl 
does  not  decompose  in  acids,  but  it  becomes  decomposed  by  melting  in 
powdered  state  with  KOH  and  KHS02^. 

The  green  color  of  the  chrysoberyl  in  daylight  changes  into  violet- 
red  at  artificial  Illumination.  This  property  Is  based  on  the  fact  that 
the  mineral  passes  the  bluish-green  rays  (in  the  460-500  mu  range)  and 
the  red  rays  from  620  mp.  up  to  the  boundary  of  the  visible  spectrum), 
and  the  artificial  light  source  is  poor  in  green  rays.  Chrysoberyl  and 
its  variety,  alexandrite,  are  synthesized  by  melting  BeO  and  AI2O2  to¬ 
gether  in  the  presence  of  AIF^,  etc.,  as  mineralizers.  The  miner¬ 

al  is  quite  rare.  It  may  be  used  as  a  source  for  the  production  of 


^ 


beryllium. 


M.D.  Dorfman 
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CHUGAL'  —  sec  Cast«»lron  —  Aluminum  alloy. 
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CLARIFICATION  OF  OPTICS  -  application  of  thin  transparent  films  to 
the  surfaces  of  optical  glass  In  order  to  reduce  (or  eliminate)  reflec¬ 
tion  of  light  from  them.  In  order  to  completely  ellmlnats  reflection 
It  is  necessary  that  the  Index  of  refraction  of  the  film  np^^  “v^^stekla 
and  that  the  optical  thickness  of  the  film  equal  l/4  of  the  wavelength 
of  that  portion  of  the  spectrum  In  which  maximum  passage  Is  desired. 
Clarifying  films  can  be  produced  by  treating  the  surfaces  of  the  glass 
with  aqueous  acid  solutions  or  by  applying  special  substances  to  Its 
external  surface.  Two-  and  three-layer  films  are  also  employed.  The 
latter  reduce  reflection  over  a  broad  spectral  region.  Clarification 
permits  a  substantial  increase  in  the  light-gathering  power  of  optical 
instruments,  in  some  of  which  (periscopes)  the  losses  due  to  reflection 
amount  to  60-&0?C  as  a  result  of  the  large  number  of  reflective  surfaces. 

References :  Grebenshchikov,  I.V.  et  al.,  Prosvetleniye  optlkl. 
Umen'shenlye  otrazhenlya  sveta  poverkhrost* yu  stekla  [Clarification  of 
Optics.  Reducing  Reflection  from  Glass  Surfaces],  Moscow -Leningrad, 

19^6. 

L. S.  Priss 
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CLEAR  FILMS  FOR  SAFETY  GLASS  -  elastic  binder  films  based  on  poly- 
vlnylbutyral  and  a  plasticizer  (dlbutylphthalate,  dlbutylsebaclnate, 
triethylene  glycol  butyrate,  butylrlnolate,  etc.)*  The  elasticity  of 
these  materials  depends  on  the  amount  of  plasticizer. 


Figure.  Spectral  transmissivity  of  polyvlnylbutyral  films:  -  o  -  plas¬ 
ticized,  -  •  -  unplastlclzed.  l)  Transmissivity,  2)  wavelength,  mp,. 

Clear  films  for  safety  glass  are  produced  by:  l)  spraying  a  col¬ 
loidal  solution  of  polyvlnylbutyral  with  plasticizer;  2)  slitting  a 
polyvlnylbutyral-plastlcizer  mixture  in  an  extrusion  machine;  3)  roll¬ 
ing  a  mixture  of  polyvlnylbutyral  and  a  calculated  quantity  of  plasti¬ 
cizer  on  frictionless  rollers  and  then  calendering  the  plasticized  mass 
to  obtain  a  film  of  the  requisite  thickness.  The  physlcomechanlca!’ 
characteristics  of  such  films  include:  specific  gravity  -  1.05,  modulus 
of  elasticity  -  18,000  kg/cm^  at  20°  and  28,000  kg/cm^  at  -60°,  ultl- 
mate  tensile  strength  -  200-300  kg/cm  ,  relative  tensile  elongation  - 
150-2505^,  adhesion  -  6O-IOO  kg/cm'"  to  silicate  glass  and  IOO-I5O  kg/cm 
to  organic  glass  (in  the  presence  of  special  underlayers),  thermal  co- 
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efficient  of  linear  expansion  -  6«10  water  absorption  from  air  -  up 
to  185^,  depending  on  the  amount  of  plasticizer  and  the  degree  of  acet¬ 
ylation.  The  figure  shows  the  spectral  transmissivity  of  a  polyvlnylbu- 
tyral  film  for  the  visible  portion  of  the  spectrum.  These  materials  are 
used  in  the  manufacture  of  shatter-proof  glass  for  vehicle  windows  (au¬ 
tomobiles,  aircraft,  etc.). 

Z.I.  Mikheyeva 
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COATING  LACQUER  Is  a  colloidal  solution  of  synthetic  or  natural 
resins  In  organic  solvents  or  monomers  with  the  addition  In  certain 
cases  of  plasticizers,  stabilizers  and  accelerators,  which  In  thin 
layers  Is  capable  of  forming  hard  continuous  films.  In  the  pure  form  or 
in  combination  with  other  paint  and  varnish  coatings  they  are  Intended 
for  the  protection  of  products  from  the  action  of  the  surrounding  medi¬ 
um  and  for  decorative  purposes.  Two  groups  of  coating  lacquers  are  dif¬ 
ferentiated  on  the  basis  of  the  composition  of  the  film-forming  agent: 
l)  those  which  form  nonconverting  films  as  a  result  of  the  evaporation 
of  solvents  contained  In  the  lacquer  composition,  l.e.,  those  which 
form  coatings  without  chemical  transformations;  2)  those  which  form 
conversion  films  as  a  result  of  complex  physico-chemical  processes  of 
oxidation,  condensation  and  polymerization  or  as  a  result  of  the  simul¬ 
taneous  processes  of  polymerization  and  condensation  (see  Lacquer  and 
Paint  Coatings). 

On  the  basis  of  operating  conditions  the  coating  lacquers  are  di¬ 
vided  Into  the  atmospheric-resistant,  capable  of  withstanding  direct 
solar  radiation  and  the  entire  complex  of  atmospheric  conditions  (for 
example,  the  9-32,  AS-82,  AS-16  acrylic  lacquers,  the  No.  17OA  alkyd 
lacquer,  the  melamine -alkyd,  nltrocelluloslc,  polyurethane  and  certain 
other  lacquers),  and  the  non-atmospherlc  resistant  whose  films  deteri¬ 
orate,  darken,  crack,  etc.,  from  the  action  of  direct  solar  radiation 
but  withstand  well  the  action  of  other  atmospheric  factors:  No.  E-4100 
epoxy,  BS-1  phenolic,  KhSL  vinyl  perchlorlde.  No.  177  bituminous,  ChS, 
7S  glyptal  lacquers. 
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The  coating  lacquers  for  external  coatings),  must  have  a  good  lus¬ 
ter,  must  be  hard,  elastic,  moisture  resistant,  wear  resistant,  must 
have  good  adhesion  and  special  properties  such  as:  oil,  kerosene  and 
gasoline  resistance,  resistance  to  the  action  of  chemical  reagents.  The 
majority  of  the  films  are  not  resistant  to  the  action  of  mould  and  fun¬ 
gi,  the  introduction  of  antiseptics  is  difficult  because  of  the  change 
of  color  of  the  lacquer.  In  order  to  improve  the  resistance  to  sunlight, 
additions  are  made  to  the  lacquer  of  20-30  percent  of  paint,  enamel 
with  provision  for  good  mixing.  The  need  for  hot  drying  is  determined 
by  the  nature  of  the  film-forming  agent  of  the  coating  lacquer,  and  the 
drying  possibilities  are  determined  by  the  dimensions  and  the  material 
of  the  product.  The  alkyd,  melamine -alkyd,  polyurethane,  epoxy  lacquers 
require  drying  at  100-150°,  and  with  Increase  of  drying  temperature  the 
quality  of  the  coating  film  Improves. 

V.V.  Chebotarevskiy 
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COBALT,  £o  —  is  a  chemical  element  of  the  Vlllth  group  of 
Mendeleyev's  Periodic  System;  number  of  element  27;  atomic  weight 
58.9332.  The  natural  cobal  consists  of  one  stable  isotope  with  the  mass 
number  59*  The  cobalt  content  in  the  earth's  crust  is  about  0.00k%  by 
weight.  It  is  used  as  a  basis  for  the  production  of  highly  heat-resist¬ 
ant  alloys,  and  also  as  an  alloying  component  in  the  production  of 
steels  and  special  alloys. 

Apart  from  the  data  quoted  in  Table  1,  up  to  0.001%  of  magnesium, 
silicon,  phosphorus,  aluminum  or  zinc,  and  up  to  0.003^  of  cadmium,  tin, 
antimony,  lead  or  bismuth  is  permissible  in  the  KO  cobalt  grade.  Cobalt 
exists  in  two  allotropic  modifications:  a  (e)  at  low  temperatures,  with 
a  hexagonal  crystalline  structure,  and  3  (7)  at  high  temperatures  with 
a  face-centered  cubic  lattice.  The  transformation  from  a  into  3  cobalt 
begins  at  477° j  it  progresses  slowly  and  is  completed  at  600®;  the 
inverse  transformation  sets  in  at  403®. 

TABLE  1 

Chemical  Composition  of  Cobalt  (GOST  123-57) 


1  ^ 
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99 . 25 
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o.»()4 
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li  ,003 
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0. } 

o.ot 

0 . 1  .S 

,  .5 

0.5 

0.1 

10.005 

HI  .  .  .  . 

i 

97,0 

0.2 

0 . 0 '» 

1 

0,2 

9.7 

1 

|u.  1!. 

1 

jo. 01 

1)  Cobalt;  2)  not  less  than;  3)  percent¬ 
age  of  elements;  4)  impurities  (not  more 
than ) . 

The  physical  properties  of  cobalt  are:  atom  diameter  (according  to 
Goldschmidt)  2.507  A;  lattice  constant  (K12)  3*54  A;  t®^  =  1493®;  t^^^p  - 
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=  3100“;  E  =  20,750  kg/iran^;  a*  10^  (at  20-100“)  =  12.08. 

The  hardness  of  cobalt  as  a  functloii  of  the  temperature  after  two 
different  heat  treatments  is  shown  in  Pig.  1.  The  creeping  character- 
istics  at  500“  and  a  =  8.4;  3.5;  7.0,  and  11.5  kg/mm  is  given  in  Pig. 
2.  The  quoted  data  show  that  at  room  temperature  cobalt  possesse  about 
the  same  strength  as  iron  has  a  very  low  degree  of  plasticity.  Cobalt 
has  a  very  low  resistance  to  high  temperatures;  at  800®  and  o  =  7  hg/ 

p 

/mm  ,  for  example,  the  breaking  time  (after  tempering  at  800“  for  1  hr) 
amounts  to  1  hour. 


0  too  400  <00  #00  *c 


Pig.  1.  Variations  in  the  strength  of  cobalt  due  to  the  temperature;  1) 
Hardening  at  800®,  1  hr  holding  time,  quenching  in  water;  2)  hardening 
at  1200®,  holdting  time  1  hr,  quenching  in  water.  A)  kg/mm^. 


0  40  80  120  teo  200  240  ?80 

2  ^Of****  ’'OC 


Pig.  2.  Creeping  of  co¬ 
balt  at  500“  under  dif¬ 
ferent  stresses.  1) 
kg/mra^;  2)  time,  hr. 


References;  Mayants  A.  D. ,  Kobalt  [Cobalt],  Moscow-Lenlngrad- 
-Sverdlovsk,  1934;  Burkhard  a.,  Mekhanicheskiye  i  technologicheskiye 
svoystva  chistykh  metallov  [The  Mechanical  and  Technological  Properties 
of  Pure  Metals],  translated  from  German,  Moscow- Leningrad,  1941;  Mechan¬ 
ical  Properties  of  Metals  and  Alloys,  "Nat.  Bur.  Standards  Circ.,"  I943, 
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C447;  Morral  P.R. ,  "J.  Metals,”  1958,  Vol.  10,  No.  10,  page  662;  Chubb 
W.,  Ibid.,  1955,  Vol.  7,  No.  1,  page  189. 

TABLE  2 

Mechanical  Properties  of  Cobalt  (chemi¬ 
cal  composition  in  not  less  than: 

99.^  Co;  0.22  Ni;  0. 15  Fe;  0.01  Cu; 

0.03  C;  0.06  Mn;  0.029  S,  and  0.10  Si) 


2^  Ti'piMM.  oflpaOiiTKa 

T<'Mn-pa 

"a 

ft 
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nil 

4llopMaanaaiUiH  npii  800* 
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37 
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20 

47 

30 

»,S 

4.S 

IS4 

V  MaKaapa  e  1200*  ■  boao 

20 

28 

2i 

3.9 

B.l 

148 

To  . . .  •  . 

400 

21 

4.2 

1 1 

. 

4S0 

18 

— 

4.S 

2.0 

. . 

SOO 

10 

7.2 

2.4 

800 

8.7 

O.ftS 

2.8 

S4 

Jlttrol  <l«a  icpMiiM.  oOpa- 

Q  OOTKM  . 

20 

24 

124 

1)  Heat  treatment;  2)  temperature  j[“C) 

3)  kg/mm2;  4)  normalization  at  800**;  5) 
tempering  at  800",  50  hrs  holding  time, 
cooling  at  a  rate  of  60°  per  hour;  6) 
hardening  from  1200®  in  water;  7)  the  same; 
8)  cast  without  heat  treatment. 


F. F.  Khimushin 
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COB/UiT  CASTING  ALLOYS  -  are  heat-resistant  alloys  for  the  produc¬ 
tion  of  parts  working  at  high  temperatures,  blades  of  Jet-turbine  en¬ 
gines,  for  example,  produced  by  a  precise-casting  method.  They  are  used 
as  heat  and  wear-resistant  materials  for  the  building  up  of  exhaust 
valves  of  Internal-combustion  engines,  and  of  other  parts  (see  Stellite 
and  Valve  Steel). 

Cobalt  casting  alloys  are  hardened  mainly  by  carbide  phases.  0.20- 
0.60^  carbon,  and  also  chromium,  molybdenum  or  tungsten  are  Introduced 
in  order  to  provide  a  sufficient  quantity  of  carbides.  Niobium  is  also 
introduced  into  certain  alloys.  The  carbides  (Cr,  or  (Cr, 

molybdenum  or  tungsten,  are  formed  depending  upon 
the  content  of  these  elements.  Boron  is  added  to  certain  alloys  in  order 
to  harden  the  grain  boundaries  during  working  at  high  temperatures 
(Table  1).  Binary  carbides  of  the  type  (Co,  Ni)2(W,  Mo,  Nb)^C  may  be 
formed  if  the  tungsten  or  molybdenum  content  attains  the  upper  limit. 

The  carbide  of  the  NbC  type  is  formed  singularly  or  in  combination  with 
others  in  phases  containing  niobium.  The  carbides  are  distributed  be¬ 
tween  the  axes  of  the  dendrites.  Their  degree  of  dispersity  euid  their 
shape  depend  on  the  casting  temperature  and  the  crystallization  rate; 
the  carbide  becomes  coarse-disperse  and  the  axes  of  the  dendrites  and 
the  grains  increase  when  the  casting  temperature  is  raised  and  the 
crystallization  rate  is  reduced.  Reduced  casting  temperature  and  accel¬ 
erated  crystallization  rate  favor  the  formation  of  more  disperse  car¬ 
bides.  In  this  case  the  axes  of  the  dendrites  emd  the  macro-grains  dis¬ 
integrate  emd  the  alloys  become  more  compact.  The  solid  solution  of 
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these  alloys  Is  hardened  by  chromium,  tungsten  or  molybdenum;  It  han 
mainly  a  face-centered  structure  which  corresponds  to  the  high  poly¬ 
morphous  y  modification  of  cobalt,  stable  above  500®.  Chromium,  molyb¬ 
denum  and  tungsten  raise  the  temperature  of  the  polymorphous  transforma¬ 
tion.  Aside  from  the  solid  y  solution,  a  solid  solution  which  corre¬ 
sponds  to  the  low-temperature  e  modification  of  the  cobalt  with  a  hexa¬ 
gonal  structure  may  also  be  present  in  the  edloy  (in  the  LK-4,  HS-21, 
HS-23«  and  HS-151  alloys).  Only  the  solid  y  solution  is  present  in  al¬ 
loys  which  contain  10^  and  more  nickel.  Iron  is  an  undesirable  impurity. 

TABLE  1 


Chemical  Composition  of  Cobalt  Casting  Alloys 
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<.  «'  % 

!  i 

1  ..  .,■>  1 
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110  46141  . 1 
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i 
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1  i 
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1)  Alloy:  2)  percentage  of  elements;  3)  LK^;  4) 
IiK4Ya;  5)  4K6DYa;  6)  Vltallium;  7)  continuation. 


Cobalt  casting  alloys  have  good  casting  qualities:  the  crystalli¬ 
zation  reuige  is  relatively  small,  the  proportion  of  the  low-melting 
structure  and  the  action  of  the  carbides  in  the  crystallization  process 
is  high  (these  alloys,  therefore,  may  be  satisfactorily  welded).  Addi¬ 
tion  of  boron  improves  the  casting  properties  of  the  alloys,  but  it  may, 
however,  deteriorate  their  weldability.  The  weldability  of  the  alloys 
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deteriorate  when  the  carbon  content  is  increased.  The  cobalt  casting 
alloys  are  somewhat  better  than  the  malleable  alloys  of  the  same  com¬ 
position  in  regards  to  heatproofness.  The  temperature  level  of  the  heat 
resisteince  of  cobalt  casting  alloys  Is  significantly  lower  than  that  of 
nickel  casting  alloys  owing  to  the  fact  the  hardening  of  the  former  Is 
caused  mainly  by  carbide  phases,  that  of  the  latter,  however,  by  Inter- 
metalllc  phases. 

Cobalt  casting  alloys  are  aged  In  the  temperature  range  of  735-815* 
in  order  to  Increase  the  static  and  long-life  strengths,  the  plasticity 
decreases  in  this  case  due  to  the  segregation  of  carbides,  sometimes, 
the  alloys  undergo  a  double  heat  treatment  (hardening  and  aging). 

The  development  of  cobalt  casting  alloys  abroad  shows  a  definite 
trend.  The  first  varisint  of  the  Vitalllum  alloy  (HS-21)  with  a  relative¬ 
ly  low  carbon  content  (0.27$^)  was  replaced  by  harder  emd  more  heat- 
resistant  alloys  with  a  higher  carbon  content  (HS-3^  with  0.  355^  C),  and 
also  by  the  alloys  (HS-31  and  HS-36.  Thereupon  7.  55^  to  13^  tungsten  was 
substituted  for  the  molybdenum  in  the  alloys.  The  haruening  based  on 
Me^C^,  £^d  Me^C  carbides  was  replaced  in  the  casting  variant  of 

*he  S-8l6  alloy  by  a  hardening  by  means  of  niobium  carbides  as  the  sin¬ 
gle  phase  of  segregation.  The  carbides  Co^  (W,  Nb)^C  and  (Cr, 
are  present  together  with  NbC  in  the  yiI-32  alloy.  Alloys  hardened  by 
boron,  with  a  reduced  chromium  content,  containing  not  less  than  0.40^ 
carbon,  have  been  recently  developed.  The  mechanical  properties  of  cer¬ 
tain  cobalt  castiTig  alloys  are  quoted  in  the  Tables  2  and  3, 

The  large  content  of  thermally  stable  carbides  in  the  cobalt  cast¬ 
ing  alloys  determines  their  relatively  low  heat  resistance  at  low  tem¬ 
peratures  but  with  regard  to  heat  resistance  at  high  temperatures  of 
them  are  nearly  equal  to  some  of  the  nickel  alloys  harder.ed  by  an  inter- 
metallic  phase  (a).  The  coefficients  of  the  linear  thermal  expansion 
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are  approximately  the  same  as  those  of  alloy  ferrite  and  martensite 
steels  (Table  4);  the  coefficient  of  the  heat  conductivity  is  quoted  in 

Table  5. 

TABLE  2 

Mechanical  Properties  of  Cobalt  Casting  Alloys 


Cmu* 

I 

1 

THine- 

paTyi* 

KpatNoapew  HMiii  niKi^HiicTk  j 

A.  , 

(Ha  Saar  s 

10-  MBH* 
aoRI 

(tL^  «H»)  4 

TrpWM<l  <i6f>e6«rtM4 

ft 

"0 

♦ 

4  (KSAM*) 

(%) 

iKSMM*}  4 

JIK4 

_ 

70 

•  t. 

1  't .  0 

_ 

24-10 

n-pMin.  o6fi46*fTMM  ^ 

«00 

— 

S2 

I2.*» 

1  S  .  « 

3>i 

— 

'll.  H.t 

TOU 

47 

te.v 

14.41 

2) 

.... 

— 

•  * 

■  00 

4(1 

•  s 

9 .  *♦ 

IS 

— 

• 

001 

17 

•  .0 

IS.O 

7 

.. 

• 

» 

•so 

— 

■“ 

— 

S 

> 

7t 

•0 

s.s 

_ 

_ 

4  teiJroiNr  M|Mi  3S»»*  »  Tr- 

TV  Hx*  1  •  e 

(00 

:s 

tf 

12 

— 

' 

To  »•*€ 

700 

7u 

12. i 

13.) 

*  ft 

•  3. 

— 

)t 

14 

1  S 

tft 

- 

• 

» 

•  00 

— 

3S 

!• 

10 

14 

- 

- 

•  SO 

20 

IS 

33 

II 

“ 

“ 

» 

IHMJI 

10 

90 

4 

7 

4  T>|»  nx  13 

704 

_ 

Ti 

to.) 

n  . 

— 

T»*  HW 

•00 

— 

)S 

14 

10 

2) 

... 

*  0 

900 

37. s 

IS 

IS 

1) 

— 

— 

» 

9)0 

IS.S 

•  » 

19 

1  2 

- 

• 

11 

larfaMItil 

10 

4< 

77 

Iv.O 

_ 

_ 

'  ^ 

U'i  r>  o6fse6otK.i  | 

... 

*4 

).  1 

!  *  • 

— 

(  TjicitMc  i73V’.  n  74 

<»)0 

•t  • 

SI 

1  4.n 

1 7 .  *# 

j-  7 

J“  7 

..  - 

1.1 »  Trt'Hiii;  "tiptO-  rK» 

•  NU 

SO 

«3 

.  2.0 

•.0 

.. 

4;TepeM»e  (73)*.  a*.'  h  ■  1 

;is 

_ 

— 

I  - 

.■J  s 

IS  3 

I»r3  Tt  pMUe  9  4*41 

14 

73) 

4  i 

it 

3  % 

9  U 

- 

t'TaproM  |71S*  b"  H  1 

•  IS 

— 

— 

— 

1  .  4 

9.9 

.  ( 

VrpMii*i  .1 

•  IS 

3'j 

41 

*  • 

Ji'.M 

' 

CrtpraJK  (73S'.  S'.  >»  1 

•  70 

J  1  T 

9.'* 

— 

tic}  tViUOl*  l<>i‘.iv.t*  :• 

•  70 

19 

« 

•- 

- 

tTate  wft*  4 7j)  .  i  *»  »  1 

*10 

— 

2) 

O'* 

fr  <» 

4  :• 

In  Tr|)iiw«* 

t  " 

ij 

49 

« 

~ 

<.TJ|*^H»r  (73  .  S’.  >4 

HS-J! 

:o 

i 

*' 

•  1  I 

14 

- 

_ 

Ih  3  TTrpWUe  t»  • 

(X-44) 

f 

1  2  0 

... 

— 

— 

(73S’,  S’  ’• 

•bi> 

:♦ 

>4 

J* 

3  2 

J9 

1..  i  rrj  ftrts  Tf 

i 

jJ 

4  e 

T  4 

1  ♦ 

2** 

»  TJ|>rN..r  (7ji  ,  .»U  'I  i 

•  1) 

I  3l 

« 1 

7 

•  is 

,  •- 

♦  *. 

14 

1  I.  , 

070 

.  34 

! 

'  \ 

t. 

1  .S 

• 

0*0 

... 

- 

% 

U  '  T7>'pit«e.  TKii 

:v* 

1 

>  ■  7  > 

,  . 

•  T  .i-  •>  .r  (733  .  e.|  ft 

(U211) 

•  jv 

•  0 

•  . 

i.  , 

'  TJi 

4 

2  9 

— 

•  IS 

- 

•  7 

N  -  •> 

4  ...  1  4 

- 

• 

•  Tv 

^  •  *  ; 

*  -  * 

- 

■  t 

1  A 

— 

» 

' 

1)  Alloy; 

2) 

te.T.po  rature 

);  3)  short-time  streng 

;  t) 

ba^v-J  on  1 

■  c 

ycle 

»  f'  ^ 

-  >  V.  / 

heat  troatmen 

11 


a 

ti 

• 

II 


LK-;  5)  without  heat  treatment;  .*)  tr.--  sa-TiS;  IC)  LI<-Ya; 
11)  ai^ir.f’;  at  Tt-"  fer  It  hn  i  !<: }  ^Kc'  Ya;  13)  aging  (?3: 
5G  hrs);  10  Vltalliun;. 


The  specifi 
8.61  for  HC-jl, 


gravltic:^  are:  '.3  :\r  LK-  all" 

ri^i  g/csi'  for  -‘Kf  Ya. 


G"  for  LK-Ya; 


I-9t)K4 


TABLE  3 

Ultimate  Long-Life  Strength  of  Some  Cobalt  Casting 
Alloys 
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TABLE  U 

The  Coefficients  of  the  Linear  Thermal  Expansion  of  the 
Cobalt  Casting  Alloys  LK4,  HS-21,  HS-31,  HS-36,  LK4Ya, 
and  4K66Ya 
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TABLE  9 

The  Coefficients  of  the  Heat  Conductivity  of  Some  Co¬ 
balt  Casting  Alloys  (cal/cm* sec* *C) 
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COBALT  STEEL  FRO  PERMANENT  MGNETS  -  see  Alloy  Steel  for  Permanent 


Magnets. 
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COEFFICIENT  OF  LIOHT  ABSORPTION  -  the  ratio  of  the  relative  de¬ 
crease  In  the  intensity  of  light  passing  through  an  infinitely  thin 
layer  of  a  material  to  the  thickness  of  this  layer: 

a-.-L'H 

J  >lx 

The  intensity  J  of  light  passing  through  a  layer  of  finite  thickness  x 
is  expressed  by  the  Lambert-Baer  equation: 

The  dimension  of  the  coefficient  of  light  absorption  is  cm~^.  This  in¬ 
dex  varies  widely  from  material  to  material  (2- 10”^  for  water,  10“^ 
for  glass,  and  2*10’"^  for  graphloe).  The  coefficient  of  light  absorp¬ 
tion  of  a  given  material  depends  on  the  wavelength  of  the  light,  in¬ 
creasing  sharply  in  certain  portions  of  the  spectrum,  which  are  some¬ 
times  very  narrow  (selective  absorption). 

L.S.  Prlss 
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COEFFICIENT  OF  PHOTOREFLECTION  -  the  ratio  of  the  Intensity  of  re- 
fleeted  light  to  the  intensity  of  incident  light.  For  normal  reflection 
from  the  boundary  of  two  Isotropic  transparent  media  the  coefficient  of 
photoreflection  equals: 

"  —  "2“  I  tg>  («  +  ♦)'*'  •ln>  «p  +  ♦)  (  ’ 

where  <P  is  the  angle  of  incidence  and  f  is  the  angle  of  refraction.  If 
the  light  prop  gates  from  a  medium  with  an  index  of  refraction  n^  to  a 
medium  with  an  index  of  refraction  and  n^  <  n^  the  coefficient  of 
photoreflection  is  low,  remaining  virtually  constant  for  values  of  9  of 
from  0  to  60°  but  then  rising  sharply.  When  n^  >  and  9  >  arcsln 
(n^/hg),  R  =  1,  l.e.,  complete  internal  reflection  takes  place.  For 
normal  incidence  (9  =  0),  R  =  ((n^  -  n2)/(n^  +  n^)).  For  reflection 
from  a  metallic  surface  the  photoreflection  coefficient  is  determined 
from  two  parameters,  the  Index  of  refraction  In  and  the  constant 
which  is  proportional  to  the  light -absorption  coefficient  of  the  metal. 
For  normal  incidence  R  =  ((n  -  l)^  +  n^«:^)/((n  +  l)^  +  n^K^).  The  pho¬ 
toreflection  coefficient  of  metals  rises  as  the  wavelength  of  the  light 
increases,  approximating  one  In  the  infrared  region  of  the  spectrum. 

References;  Landsberg,  G.S.,  Optika  [Optics],  4th  Edition,  Moscow, 
1957  (Obshchly  kurs  flzlkl  [General  Course  in  Physics],  Vol.  3)» 

L.S.  Prlss 
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COEFFICIENT  OF  REFLECTION  -  the  ratio  of  the  radiant  energy  re¬ 
flected  by  a  body  to  the  radiant  energy  Incident  on  It:  r  =  ^otr^^pad* 
The  reflection  coefficient  of  an  Absolutely  black  body  Is  zero,  while 
that  of  an  absolutely  white  body  Is  1;  for  real  bodies  1  >  r  >  0.  The 
coefficient  of  reflection  Is  sometimes  called  the  albedo. 

G.A.  Zhorov 
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COEFFICIENT  OF  SENSITIVITY  TO  CONCENTRATION  -  see  Stress  concen¬ 
tration. 
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COEFFICIENT  OF  TRANSPARENCY  -  the  ratio  of  the  intensity  of  the 
light  passing  through  a  layer  of  a  material  1  cm  thick  with  no  change 
in  direction  to  the  Intensity  of  the  incident  light.  In  this  case  the 
light  is  regarded  as  passing  through  the  substance  Itself,  not  being 
affected  by  the  surfaces  bounding  the  layer.  The  concept  of  transpar¬ 
ency  should  not  be  confused  with  that  of  transmissivity.  Thus,  the  co¬ 
efficient  of  transparency  for  white  paper  is  zero,  even  though  it 
transmits  a  great  deal  of  light.  The  coefficient  of  transparency  of 
fused  quarts  is  0.999,  while  that  of  optical  glass  is  0.990-0. 995* 

L.  S.  Priss 
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COHESION  —  is  the  attraction  between  the  moleculec  (atoms,  ions) 
within  the  volume  of  a  given  body.  Ihe  cohesion  of  solid  bodies  is  con¬ 
siderably  greater  than  the  cohesion  of  fluids  which,  in  turn,  is  higher 
than  the  cohesion  of  gases.  The  degree  of  the  cohesion  is  characterized 
by  the  so-called  theoretical  strength  of  the  materials,  calculated  on 
the  basis  of  the  laws  valid  for  the  intermolecular  forces.  The  expres¬ 
sion  "cohesive  strength"  is  sometimes  used  in  engineering  in  place  of 
the  expression  "rupture  strength. 

G.M.  Bartenev 
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COLD  RESISTANCE  Is  the  capability  of  the  polymers  and  materials 
based  on  them  to  retain  high  elasticity  and  other  value  properties,  for 
example  hermeticlty,  flexibility  and  nonbrittleness,  at  low  tempera- 
tiires.  The  cold  resistance  of  the  highly  elastic  materials  (rubbers) 
is  determined  by  the  loss  of  high  elasticity  at  low  temperatures  and 
is  characterized  by  the  cold  resistance  coefficient  K  at  a  specified 
temperature  or  by  the  corresponding  teit5)erature  Tj^  for  a  specified  cold 
resistance  coefficient  (usually  K  =  0.1).  The  cold  resistance  coeffi¬ 
cient  is  determined  by  defined  by  the  ratio  K  =  e/e^Q,  where  e  is  the 
amplitude  or  magnitude  of  deformation  at  the  given  low  temperature,  and 
SgQ  is  the  same  at  20®.  The  deformation  may  be  measured  by  static  or 
dynamic  methods.  Beginning  at  low  temperatures  at  which  processed  or 
raw  rubber  is  in  the  blassy  state  and  up  to  20-25°,  K  varies  from  about 
0,001  to  1.  To  each  given  value  of  K  there  corresponds  a  temperature 
Tj^.  Usually,  for  rubber  use  is  made  of  the  temperature  T^  ^  as  the  in¬ 
dex  of  cold  resistance,  this  being  the  temperature  at  which  the  rubber 
loses  90$^  of  its  high  elasticity.  This  temperature  is  preactically  in¬ 
dependent  of  the  specimen  size,  of  the  sliding  conditions  on  the  speci¬ 
men  ends,  on  the  form  of  deformation  (tension,  compi'ession,  or  shear), 
and  on  the  degree  of  deformation.  Tj^  depends  on  the  mechanical  testing 
condition  (dynamic  tests  are  made  on  a  frequency  instrument,  and  static 
tests  are  made  on  dynamometric  scales).  This  relationship  is  expressed 
by  the  formula  1/Tj^  =  A-Blgv,  where  A  and  B  are  constants  of  the  mate¬ 
rial,  V  is  the  frequency  of  the  periodic  deformation,  Tj^  is  expressed 
in  ®K.  The  process  of  mechanical  (but  not  structural)  vitrification  is 
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associated  directly  with  the  cold  resistance  of  raw  and  processed  rub¬ 
bers.  The  essence  of  mechanical  vitrification  consists  in  the  loss  of 
the  high  elastic  properties  with  increase  of  the  deformation  frequency 
or  with  temperature  reduction  at  a  given  frequency  of  the  applied  force. 
The  material  transitions  from  the  highly  elastic  state  into  the  state 
with  high  modulus  of  elasticity  which  is  customary  for  solid  bodies. 

The  cold  resistance  of  articles  made  from  the  plastics  is  determined 
by  cracking  and  transition  to  the  brittle  state  (loss  of  induced 
elasticity),  i.e..  It  is  characterized  by  the  brittleness  temperature 
^khr  Brittleness  Temperature).  This  temperature  depends  on  the 

rate  of  mechanical  and  thermal  loading.  Therefore  the  cold  resistance 
of  the  polymer  materials  and  articles  must  be  determined  under  condi¬ 
tions  which  are  very  close  to  service  conditions. 

Low-molecular  plasticizers  are  Introduced  into  the  polymers  to 
ln^)rove  the  cold  resistance. 

References:  Bartenev  G.M.,  Novikova  N.M.,  Tr.  N.-i.  in-ta  rezin. 
prom-stl  (Transactions  of  the  Scientific  Research  Institute  of  the  Rub¬ 
ber  Industry),  1958^  collection  5,  page  96;  Kir,  i960.  No.  7,  page  28; 
Bartenev  G.M.,  DAN  SSSR,  1956,  Vol.  110,  No.  5,  page  305;  PM,  i960.  No. 

9. 
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COLD-SHORTNESS  -  is  the  brittle  destruction  of  metals  at  lowered 
temperatures  without  appreciable  plastic  deformation.  The  temperature 
dependence  of  the  tensile  strength  of  metaDs  is  different  that  the  tem¬ 
perature  dependence  of  the  shearing  strength.  The  Soviet  Scientist  A. 

F.  Ioffe  was  the  first  who  had  noticed  this  fact.  The  scheme  of  Ioffe 

(see  Fig.  1  in  the  article  Coldshortedness  of  steel)  explains  well  the 
transition  from  the  ductile  to  the  brittle  destruction  as  a  function 
of  the  test  temperature.  The  Soviet  Scientist  N.N.  Davldenkov  had  be¬ 
gun  his  extensive  and  fruitful  investigations  on  the  cold-shortness  in 

1930. 

The  tendency  of  metals  to  cold-shortness  is  usually  characterized 
by  the  critical  brittle  taiperature,  at  which  the  plasticity  and  the 
energy  absorbed  in  deformation  rapidly  decrease  (loss  of  ductility), 
and  also  the  nature  of  the  fracture  is  changed:  a  crystalline  structure 

replaces  the  fibrous  macrostructure  of  the  metal;  a  destruction  along 

the  grain  boundaries  occurs  in  a  number  of  cold-short  metals. 

The  phenomenon  of  the  cold-shortness  may  not  be  coimected  with  the 
action  of  any  single  factor;  the  lowering  of  the  temperature,  the  in¬ 
crease  of  the  deformation  rate  and  the  type  of  the  stressed  state  (the 
degree  of  rigidness)  belong  to  the  decisive  external  factors;  the  type 
of  the  crystal  lattice  (.more  precisely,  the  Interatomic  distance  char¬ 
acterizing  the  'cram  of  the  housing  conditions"  of  impurity  atoms  or 
compounds),  the  contamination  of  the  metal  by  foreign  atoms  or  impur¬ 
ities,  the  structure  and  size  of  the  grains  (the  greater  the  grain  the 
lower  the  tensile  strength),  the  chemical  composition  and  some  techno- 
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logical  factors  affecting  not  only  the  structure  but  also  the  state  of 
the  surface  (cinder,  residual  stresses,  for  example),  belong  to  the  in¬ 
trinsic  factors.  The  scale  factor  plays  a  peculiar  role:  the  tendency 
to  brittle  fracture  rises  with  an  Increasing  size  of  the  part,  which 
fliay  be  related  to  both  an  Increase  of  the  margin  of  elastic  energy  and 
an  Increase  of  the  probability  that  a  dangerous  crack-type  flaw  Is  pre¬ 
sent. 

I'tany  metals  with  a  body-centered  or  hexagonal  lattice  are  especial¬ 
ly  susceptible  to  brittle  fracture  at  low  temperatures.  This  peculiar¬ 
ity,  however,  must  not  be  connected  with  the  type  of  the  lattice  it¬ 
self  but  with  the  fact  that  the  spacing  of  the  crystal  lattice  of  such 
metals  is  small  (the  "atom  housing"  is  relatively  cramped),  which,  in¬ 
volves  an  Intense  deformation  of  the  crystal  lattice  by  foreign  atoms, 
especially  by  interstitial  atoms  and  impurities.  Hence,  a  compression 
of  the  lattice  by  cooling  of  those  metals  Involves  a  significant  in¬ 
crease  In  the  yield  strength,  and  according  to  Ioffe,  the  cold-short¬ 
ness  phenomenon  Is  the  more  expressed  the  steeper  the  cur/e  of  the 
yield  strength  rises  at  lowerlr.g  temperatures . 

It  was  experimentally  proved  that  nickel  decreases  th.e  tende.ncy  of 
steel  to  brittle  fracture  by  lowerLnr,  the  threshold  of  the  cold-short¬ 
ness.  The  Soviet  Scientist  R.I.  Entin  and  ethers  explain  this  phenome¬ 
non  by  the  fact  that  the  alloylnr  o:'  iron  by  nickel  weaken;  th.e  ra;'ten- 
Ing  of  the  dislccaticnr  ly  th.e  inter;' tltlai  atoms  (carben  and  nlt»'oger.) 
and  accelerate.;  .tnd  facilitate  -  Ir.  t'r.l  -v.-av  th.e  plarti  '  lefonnatlcn. 

The  fact  that  nicke'.  invrl--o,  a  m  ’*e  •.-■mcr.'r-ieoi..^  distribution  cf  the 
:-^.rbon  in  the  teel  1.'  a'-.-i  ; '  — .i  f 


fnultfv.l 


for  the  ex;  .1  i  ' '  ^ f 


U-.  nc r’n* 


'*.  -rta.-  t  th.e  th.ecrv 


of  Impurities  v.nlc:  '.-^1  tc  t':e  preparation  cf  c.*  ;-cr-.l..rr. 


r 


III-3k;h2 


in  a  plastic  state. 

The  problem  of  cold-shortness  is  of  great  national  importance  econ¬ 
omically.  Not  attacking  sufficient  Importemt  to  this  problem  has  al¬ 
ready  contributed  to  the  wreck  of  a  considerable  number  of  large  ships 
of  the  "Liberty"  type  (19^3-19^5>  U.S.)-  The  highest  number  of  wrecks 
occurred  during  the  winter  months  and  during  voyages  in  northern  lati¬ 
tudes  in  heavy  sea,  and  the  main  cause  vas  the  fact  that  the  "Liberty" 
ships  were  constructed  fran  a  rimming  steel  of  the  st.L  type  which  had 
a  high  tendency  to  cold-shortness. 

The  significance  of  the  investigations  becomes  evident  when  one 
considers  the  increasing  role  of  the  Ncrthern  and  Eastern  regions  In 
the  national  economy  of  the  USSR.  This  problem  has  a  peculiar  signifi¬ 
cance  also  in  the  work  of  mastering  the  cosmos  (see  Cosmos  materiologL  ) • 


I 
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S.T.  Kishkln 
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COLD-SHORTNESS  OF  CHROMIUM  -  see  Chromium. 


COLD-SHORTNESS  OP  MOLYBDENUM  -  see  Molybdenum. 
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COLD-SHORTNESS  OP  STEEL  —  Is  the  tendency  of  steel  to  brittle 
fracture  at  low  temperatures.  Just  as  the  cold-shortness  of  certain 
other  metals  may  be  explained  by  the  well-known  scheme  of  A  F.  Ioffe 
(Fig.  1)  the  cold-shortness  of  steel  also.  The  resistance  of  steel  to 
brittle  fracture  (breaking)  remains  either  Invariable  or  Increases 
slightly;  the  yield  strength,  however.  Increases  considerably  at  lower¬ 
ed  temperatures.  The  destruction  of  metals  occiirs  under  a  more  or  less 
significant  plastic  deformation  at  temperatures  higher  than  the  Tj^^ 

(the  critical  brittle  temperature  or  the  temperature  of  cold-shortness), 
whereas  a  brittle  destruction  without  plastic  deformation  takes  place 
at  temperatures  below  the  Tj^^.  All  the  factors  which  change  the  resis¬ 
tance  to  brittle  destruction  and  the  yield  strength  affect  the  tempera¬ 
ture  of  cold  shortness.  An  Increased  rate  of  the  testing  of  steel 
(passing  over  from  static  to  dynamic  load)  promotes  an  essential  In¬ 
crease  of  the  yield  strength  at  a  relatively  small  increase  of  the  re¬ 
sistance  to  brittle  destruction  involving  a  rise  of  the  temperature  of 
cold-shortness  (Fig.  2).  A  notch  In  the  specimen  acts  in  much  the  same 
manner  due  to  the  strongly  hindered  plastic  deformation.  The  temperature 
of  cold-shortness  depends  to  a  considerable  extent  on  the  heat  treat¬ 
ment.  Hardening  with  a  subsequent  tempering  promotes,  as  a  rule,  the 
drop  of  the  temperature  of  cold-shortness  of  structural  steel  because 
the  resistance  to  brittle  destruction  Increases  by  hardening  more  than 
the  yield  strength  Increases  (Fig.  3)-  Aging  of  the  steel  causes  the 
temperature  of  cold-shortness  to  rise  due  to  the  Increase  In  the  yield 
strength  together  with  an  only  small  change  of  the  resistance  to  brlt- 
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tie  destruction.  This  applies  to  both  the  aging  of  low-carbon  steel 
and  that  of  alloyed  steel.  An  increase  of  the  ferrite,  pearllte  or  mar¬ 
tensite  grain  (the  former  austenite  grain)  involves  a  uo.  rease  in  the 
resistance  to  brittle  destruction  at  a  relatively  small  change  of  the 
yield  strefigth,  and  the  temperature  of  cold-shortness  is  increased 
(Fig.  4). 
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Fig.  1.  Scheme  of  A.F.  Ioffe  explaining  the  possibility  of  a  brittle 
and  a  ductile  destruction  of  the  same  material  depending  on  the  test 
temperature  (T,  '^]rr  nirhn  temperatures  of  the  ■ 

upper  and  lower  threffHolds  of  colaisHortness,  respectively). 

1)  Breaking  strength:  2]  stress;  3)  yield  strength;  4)  spread  zone;  5) 

brittle  destructions;  6)  ductile  destructions;  7)  temperature,  ®C;  8) 

stress;  9)  T,  ^  .  .  ;  10)  T,  ,  v,  • 
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Fig.  2.  Effect  of  the  testing  rate  (v)  on  the  threshold  of  cold-short¬ 
ness  of  carbon  steel  (0.2^  C).  (Notched  --pcclmens  in  bending  test). 

1)  Characteristic  of  deformation;  2)  mm;  3)  m/sec;  4)  temperature,  ®C. 
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Fig.  3*  The  Impact  resilience  of  chrome-molybdenum  steel  (0.31^5  G; 

0.345^  Mo,;  1.03^  Cr)  In  relation  to  the  heat  treatment  and  the  test  tsm- 

[  perature.  1)  Hardening  at  850“,  tempering  at  650*;  2)  hardening  at  850®, 

[  tempering  at  550**;  3)  annealing  at  850®.  A)  a^,  kgm/cm^;  B)  temperature, 

I  -c. 


Pig.  4.  Effect  of  the  grain  size  vof  carbon  steel  (0.22-0.25^  C)  on  whe 
threshold  of  cold-shortness:  1)  C'^arse-gralned  steel  (grain  diameter 
39  p.;  2)  fine-grained  steel  (grain  diameter  4l  p).  A)  Stress,  kgm;  B) 
temperature,  ®C. 


The  tempering  shortness  of  steel  caused  by  changes  on  the  boundar¬ 
ies  of  the  former  austenite  grains  promotes  the  decrease  In  the  resist¬ 
ance  to  brittle  failure  and,  therefore,  a  rise  of  the  temperature  of 
the  cold-shortness.  Steel  of  the  same  chemical  composition  but  produced 
by  different  metallurgical  methods  or  even  deoxidized  by  different  sub¬ 
stances  may  have  a  different  temperature  of  cold-chortness.  The  size  cf 
the  specimen  and  the  type  of  stress  during  the  test  affect  to  a  consid¬ 
erable  degree  the  temperature  of  cold-shortness.  The  resistance  to  brit¬ 
tle  failure  decreases  and  the  temperature  cf  cold-shortness  rises  when 
the  dimensions  of  the  specimen  are  increased  (due  to  the  effect  of  the 
scale  factor).  A  drop  of  the  temperature  of  cold-shortness  takes  place 
at  a  "softer"  stressed  state,  l.e.,  when  relatively  strong  tangential 
stresses  act  in  presence  of  the  same  normal  stresses.  Hence,  the  temper¬ 
ature  of  cold-shortness  Is  very  low  when  the  material  Is  compressed,  it 
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becomes  higher  under  torsion  and  Ic  the  highest  on  drawing  or  bending. 
Specimens  with  a  coarse  surface  pucoecto  a  higher  tamperatiire  of  cold¬ 
shortness. 

The  temperature  of  cold-shortness  Is  usually  determined  by  the  Im¬ 
pact  test  of  5.  series  of  notched  specimens  at  different  temperatures. 

A  relatively  sharp  transition  from  ductile  to  brittle  failure  occurs  in 
iron  and  annealed  steel  when  the  test  temperature  Is  lowered.  This 
transition  Is  smooth  and  spread  over  a  re] itlvely  broad  temperature 
range  In  the  case  of  hardened  and  tempered  steel.  The  test  of  steel  at 
low  temperatures  and  the  determination  of  the  temperature  of  cold¬ 
shortness  make  It  possible  to  ascertain  such  peculiarities  of  the  metal 
state  which  are  not  detectable  by  the  standard  tests  at  room  tempera¬ 
ture.  It  Is  not  possible  to  determine  an  absolute  tempexacure  u£  cold¬ 
shortness  because  the  latter  depends  on  the  shape  and  tne  dimensions  of 
the  specimen  and  on  the  type  of  the  st’esced  state.  The  permissible 
working  temperature  of  any  steel  parts  may  be  gathered  only  Indirectly 
from  temperature  of  cold-shortness  determined  on  specimens:  the  lower 
the  temperature  of  cold-shortness  the  more  reliable  the  parts  manufac¬ 
tured  from  the  given  steel  will  be  at  low  temperatures.  It  must  be  em¬ 
phasized,  however,  that  the  temperature  of  cold-shortness  characterizing 
the  relative  capability  of  steel  to  work  at  low  temperatures  does  not 
determine  the  tendency  t.c  brittle  failure  at  norsial  temperatures  caused 
by  cuts  and  other  factors  promoting  the  brittleness.  Thus,  for  example, 
high-strength  structural  steel,  which  has  a  considerably  lower  temper¬ 
ature  of  cold-shortness  characterizing  the  relative  capability  of  steel 
to  work  at  low  temperatures  does  not  determine  the  tendency  to  brittle 
failure  at  normal  temperatures  caused  by  cuts  and  other  factors  promo¬ 
ting  the  brittleness.  Thus,  for  example,  high-strength  structural  steel, 
which  has  a  considerably  lower  temperature  of  cold-shortness  than  Iron 


tempered  soft  steel,  proves  to  ha^e  a  significantly  hlf'her  terd^rcy 
to  brittle  failure  at  room  temperature  under  the  effect  of  cuts,  hydro¬ 
gen,  corrosion,  etc.  (see  High-strength  structural  steel). 

Cold-shortness  occurs  In  Iron,  carbon  and  alloyed  steel  Including 
stainless  steel  with  ferrite,  pearllte,  sorbite  and  martensite  struc- 
tuies,  l.e.,  steel  based  on  the  a-Fe  and  y-Fe  crystal  lattice.  Austen¬ 
itic  steel  and  Iron-base  alloys,  both  rusting  and  stainless  ones,  hav¬ 
ing  a  Y-Fe  crystal  lattice,  are  not  liable  to  cold-shortness.  A  drop  of 
the  test  temperature  does  not  Involve  a  strong  decrease  of  the  plasti¬ 
city  and  ductility  of  these  materials.  The  austenitic  steel  Is  an  excep¬ 
tion,  because  a  conversion  of  austenite  Into  martensite  takes  place  at 
low  test  temperatures  and,  therefore,  this  steel  may  also  become  cold¬ 
short. 

References ;  Davldenkov,  N.N.,  Dlnamlchesklye  Ispytanlya  metallov 
[Dynamic  Metal  Tests],  2nd  Edition,  Lenlngrad-Moscow,  1936;  Fridman,  Ya. 
B. ,  Mekhanlchesklye  svoystva  metallov  [Mechanical  Properties  of  Metals], 
2nd  Edition,  Moscow,  1952;  Shevandln,  Ye.M. ,  Sklonnost*  k  khrupkostl 
nlzkoleglro\annykh  staley  [The  Tendency  of  Low-Alloyed  Steels  to  Brit¬ 
tleness!  .  Moscow.  19^3;  Vs.”.,  Khrupkive  razrushenlva  stall  1 

stal'nykh  detaley  [Brittle  Failures  of  Steel  and  of  Steel  Parts],  Mos¬ 
cow,  1955- 

Ya.M.  Patak 
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[ Trans  1 i te rat u red  Symbols) 

Kp  =  kr  =  krltlcheskaya  =  critical 

Kp.BopxH.  =  kr.verkhn.  =  krltlcheskaya  verkhnyaya  (tempera- 
tura)  =  upper  critical  (temperature) 

Kp.HMJicH.  -  kr.nizhn.  =  krltlcheskaya  nizhnyaya  ( temperature) 
-  lower  critical  (temperature) 
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COLD-WORKED  ALUMINUM  ALLOYS  -  semifinished  products  fabricated 
from  aluminum  alloys  subjected  to  cold  deformation  (cold  working).  Cold 
working  greatly  Increases  the  hardness,  yield  strength,  and  ultimate 
strength  of  the  material  and  reduces  Its  relative  elongation.  The  ex¬ 
tent  of  the  changes  In  these  properties  during  cold  working  depends  on 
the  nature  of  the  alloy  and  the  degree  of  deformation.  The  hardening 
produced  by  cold  working  decreases  as  the  deformation  temperature  In¬ 
creases.  The  hardening  due  to  cold  working  c?.n  be  reduced  or  completely 
eliminated  by  heating,  which  ensures  regression  (relaxation)  and  re- 
crystalllzation.  Sheets  of  thermally  unhardenable  alloys  (AD,  ADI,  AMg, 
AMg3»  and  AMts)  are  produced  In  three  states  (annealed,  semlcold-worked, 
and  cold-wo.rked)  with  varying  properties.  The  cold-worked  state  Is  ob¬ 
tained  by  cold  rolling,  while  the  seml-cold-worked  state  Is  achieved  by 
less  Intensive  cold  working  or  Incomplete  annealing  of  intensively 
cold-worked  material. 

In  fabricating  semifinished  products  from  thermally  hardenable  al¬ 
loys  cold  working  takes  the  form  of  straightening  (degree  of  deforma¬ 
tion  -  0.^1. 55^)  or  is  carried  out  to  increase  the  yield  and  ultimate 
strengths  (degree  of  deformation  -  3-155^)*  Straightening  is  conducted 
with  freshly  quenched  material  and  promotes  both  product  Ion  of  the  re¬ 
quisite  geometric  shape  and  a  material  decrease  in  the  Internal  stres¬ 
ses  which  develop  during  quenching.  Tension-straightening  Is  conse¬ 
quently  obligatory  for  extmided  articles.  Quenched  and  aged  sheets 
must  be  smoothed  and  tension-straightened.  Straightening  of  the  freshly 
quenc  d  material  Increases  the  mec.nanlcai  properties  of  semifinished 
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produc'CG  ratrlcatcd  fr'^r  allo/n  ■  i'  th-  *  ;  •  .  <.•  'aii/  whif;ri 

they  are  quenched  from  the  anneal(^d  ctate.  Cold  work! nr  oh  i]<.<  frechly 
quenched  alloy  may  raise  the  strenrth  oharacterlst Icc  (.f  Lai .pinjfs .  I’or 
this  purpose  the  component  Is  understamped  by  lO-lh^,  quenched,  and 
brought  to  the  desired  shape  by  cold  deformation  In  the  final  ale.  Cold 
rolling  to  a  deformation  of  5-6%  Is  employed  a^ter  quenching  to  1  - 
crease  the  strength  characteristics  of  sheet  material  fDibTN)-  In  sofie 
cases  a  m.aterial  increase  Is  obtained  In  the  yield  strength  and  ulti¬ 
mate  strength  of  quenched  and  naturally  aged  sheets  by  Intensive  cold 
working  (cold  rolling  to  a  defonnatlon  of  15-20^)  followed  by  artifi¬ 
cial  aging  (DlbTlNl).  When  functioning  at  elevated  tempex'atures  cold- 
worked  material  may  begin  to  soften  earlier  than  non-cold-worked  alloy. 
It  Is  consequently  unwise  to  use  cold-worked  semifinished  products  for 
prolonged  operation  at  elevated  temperatures  (at  or  above  the  artifi¬ 
cial-aging  temperature).  The  decrease  in  plasticity  caused  by  cold- 
working  to  a  defonnatlon  of  55^  or  more  reduces  the  technological  char¬ 
acteristics  of  the  alloy  and  may  Increrse  Its  susceptibility  to  stress 
concentrators  (scratches,  notches,  sharp  transitions,  curves).  The  ex¬ 
tent  of  this  reduction  in  plasticity  depends  on  the  cold-worwing  L'  cl 
(it  is  less  for  rollings  and  greater  for  exte-.^ion).  The  Inciease  In 
notch  sensitivity  under  the  Influence  of  cola  working  depends  on  the 


character  of  the  alloy.  It  Is  prefercWtie  to  use  coud-werkoj  materla.e 


with  an  elevated  serisltlvltv  tc  st-^c;:'  cor;cen.tratcrr 


coc^pres: 


sone  cf  the  assemblage. 


Ye.D.  ZakJiari  V 
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COLD-WORKED  SPRING  STEEL  —  steel  hardenable  by  cold  plastic  defor¬ 
mation  and  having  high  elasticity  amd  durability.  Steel  of  this  type  i::; 
used  in  the  form  of  patented  cold-drawn  wire  and  cold-rolled  strips  for 
manufacturing  various  ’inquenched  springs.  Cold-drawn  wire  of  classes  I, 
II,  IIA,  and  III  is  produced  in  accordance  with  GOST  9389-60  from  car¬ 
bon  steel,  principally  of  types  65,  70,  75  and  85  (GOST  IO5O-60),  for 
whose  chemical  composition  see  the  article  entitled  Heat-treatable 
spring  steel.  Type  of  steel  used  is  selected  in  accordance  with  the 
class  of  wire  and  its  production  technology  and  is  generally  not  speci¬ 
fied  by  TU.  Wire  of  class  I  can  also  be  produced  to  the  customer's  spe¬ 
cifications  from  carbon  tool  steel  of  group  A  (GOST  l435-'45)  with  lim¬ 
ited  chromium,  nickel  and  copper  contents.  Cold-worked  cold-rolled 
strips  are  produced  in  accordance  with  GOST  2283-57  from  carbon  tool 
steel,  whose  chemical  composition  is  given  by  GOST  1^35-5^,  and  from 
65G,  60G,  5OG,  u8g,  u8GA,  6032,  60S2A,  65S2BA,  50KhFA,  and  70S2KhA  al¬ 
loy  steels,  for  whose  chemical  composition  and  mechanical  characteris¬ 
tics  see  the  article  entitled  Heat-treatable  spring  steel.  Wire  is  manu¬ 
factured  in  diameters  of  from  0.l4  to  6  mm  (classes  I  and  IIA)  and  up 
to  8  mm  (classes  II  eund  III),  while  strips  are  fabricated  in  thickness¬ 
es  of  from  0.10  to  3  mm.  Figure  1  shows  the  mechanical  characteristics 
of  cold-drawn  wire  as  a  function  of  its  diameter. 
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.  nt^m* 


Fig.  1.  Variation  in  ultimate  strength,  number  of  bending  cycles,  and 
number  of  twists  for  cold-worked  carbon  spring  steel  as  a  function  of 
diameter  of  cold-drawn  wire  (according  to  GOST  9389-60).  1)  Number  of 
bending  cycles,  n,,  number  of  torsion  cycles,  =  lOOd);  2)  kg/mm^; 
3)  wire  diameter, ■^mmi  4)  class. 


t 


1/5  4.6  4.0  X5  J.I  Z4  1.4 

3  f>pC904OMtt.  mm 


Pig.  2.  Mechanical  characteristics,  number  of  bending  cycles,  and  num¬ 
ber  of  torsion  cycles  for  type  u8a  patented  steel  as  a  function  of  re¬ 
duction  in  area  during  cold  drawing.  1)  kg/mfi;  2)  reduction  in  area, 

3)  wire  diameter,  mm;  4)  ni  -  number  of  bending  cycles;  5)  Up  —  num¬ 
ber  of  torsion  cycles  {£  =  lOOd). 
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Pig'  3'  Variation  In  the  mechanical  characteristics  of  type  70  cold- 
worked  spring  steel  as  a  function  of  tempering  temperature  (*'  hr).  Spel 
mans;  a)  0.5  mm;  b)  1  mm;  c)  2  mm;  d)  3  mm;  e)  k  mm.  1)  kg/mm*^;  e.)  tem¬ 
pering  temperature,  ^C;  3)  number  of  bending  cycles,  n,,  number  of  tor¬ 
sion  cycles,  ng-  ^ 


v**/*** 


Fig.  4.  Ultimate  strength  of  cold-drawn  wl>”e  es  e  function  of  hardness. 
1)  kg/mm2;  2)  hardness,  RC. 


According  to  GrOST9389-6o,  wire  of  classes  I,  IT,  IIA  and  III  re¬ 
place  all  other  types  of  spring  wire  previously  m9ui.,.factured.  Wire  of 
class  IIA  corresponds  in  physicomecnanical  characteristics  to  type 
OVS  wire,  which  was  formerely  produced  in  accordance  with  GOST  1546-53- 
The  high  mechanical  characteristics  of  spring  wire  are  achieved  by 
patenting  (see  Patenting  of  steel)  and  subsequent  cold  deformation  with 
a  total  reduction  In  area  of  more  theui  70fj^.  Figure  2  shows  the  Influ¬ 
ence  of  reduction  In  area  during  cold  deformation  on  the  ultimate 
strength,  plasticity,  and  technological  characteristics  of  patented 
high-carbon  u8A  steel;  Figure  3  shows  the  Influence  of  tempering  tem¬ 
perature  on  the  mechanical  and  technical  characteristics  of  cold-work¬ 
ed  wire  of  type  70  steel. 
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Cold-worked  spring  steels  of  the  same  hardness  have  approximately 
the  same  tensile  strength  (Fig.  ^). 

The  tensile  elastic  limit  of  cold-drawn  wire  Is  approximately  40- 
5056  of  Its  0^. 

After  winding  the  finished  springs  are  usually  tempered  at  26O- 
320®,  a  holding  time  of  1  hr  being  recommended.  Tempering  Is  employed 
to  relieve  Internal  stresses  and  raise  the  elastic  limit  and  relaxa¬ 
tion  resistance  of  the  steel. 

Low-temperature  tempering  of  the  finished  springs  substantially 
Increases  the  elastic  limit  of  cold-worked  spring  steel  (to  70-75?^  of 
Its  c^). 

The  permissible  stresses  for  helical  compression  springs  fabrica¬ 
ted  from  cold-worked  spring  steel  can  for  practical  purposes  be  taken 
as  O.3-O.6  (5^,  depending  on  the  character  of  the  load  and  the  diameter 
of  the  wire. 

Cold-worked  strips  of  spring  steel  are  produced  with  ultimate 
strengths  of  75-120  kg/mm  (carbon  steel)  and  80-120  kg/mm  (alley 
steel) . 

Springs  fabricated  from  steel  of  this  type  are  protected  against 
corrosion  In  the  same  manner  as  springs  manufactured  from  he at- treat¬ 
able  steel. 

References:  Spravochnlk  po  mashlnostroltel'nym  materlalam  [Hand¬ 
book  of  Machine-Pulldlng  Materials],  Vol.  1,  Moscow,  1959;  Yukhvets,  I. 
A.,  Stal'r.aya  provoloka  [Steel  Wire],  In  book:  Mashlnostroyeniye.  En- 
tstklopedlcheskly  spravochnl*f  [Machine  Building.  An  Encyclopedic  Hand¬ 
book],  Vol.  3,  Part  2,  Moscow,  loiij. 

A.L  Selyavo 
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COUiAPSE  TESTING  —  determination  of  the  ability  of  tubes  to  under¬ 
go  deformation  in  the  transverse  direction  and  detection  of  surface  de¬ 
fects;  collapse  tests  are  conducted  in  accordance  with  GOST  8695-58  and 
consist  in  flattening  a  tube  between  parallel  plates  until  they  are  a 
predetermined  distance  apart.  A  piece  of  tube  20-50  mm  long  serves  as 
the  specimen.  The  test  can  be  conducted  directly  on  the  tube,  first 
cutting  a  piece  from  one  end  with  a  cut  perpendicular  to  the  longitu¬ 
dinal  axis  and  to  a  depth  of  no  less  than  0.8  of  the  outside  diameter. 
In  testing  welded  tubes  tne  seam  is  located  so  as  to  be  an  equal  dis¬ 
tance  from  each  of  the  flattening  plates.  Collapse  tests  are  carried 
out  at  the  ambient  temperature,  but  at  no  less  than  -10*.  The  flatten¬ 
ing  rate  is  20-50  mm  per  min  (see  Technological  testing). 

N.V.  Kadobnova 
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COLOR  —  Is  the  capacity  of  bodies  to  cause  a  definite  visual  per¬ 
ception  corresponding  to  the  spectral  composition  of  reflected  or  emit¬ 
ted  radiation-  The  human  eye  reacts  to  electromagnetlcal  waves  having 
a  length  of  from  38OO  to  7500  A  (the  visual  part  of  the  spectrum).  The 
mixture  of  luminous  flaxes  in  a  proportion  which  corresponds  to  the 
different  sections  of  the  visible  part  of  the  spectrum  gives  a  light 
which  Is  perceived  as  white.  The  predominance  of  light  waves  of  a  cer¬ 
tain  wavelength  In  this  mixture  gives  a  colored  light;  the  wavelength 
determines  the  tint  or  the  chromatic Ity,  the  degree  of  the  predominance 
of  waves  of  a  certain  length  determines  the  saturation  of  the  color, 
and  the  total  radiation  intensity  determines  the  brightness.  The  color 
of  objects  which  do  not  emit  light  results  mainly  from  the  absorption 
of  a  certain  spectral  part  of  the  Incident  light,  and  depends,  there¬ 
fore,  on  the  spectral  composition  of  the  Illumination. 

References ;  Ashkenazi,  G.I.,  Tsvet  v  prlorode  1  tekhnike  [Color 
in  Nature  and  In  Engineering],  Moscow-Lenlngrad,  1955. 

L.S.  Priss 
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COLORIMETRY  -  Is  a  method  by  which  a  color  is  measured  ai.d  its 
quantity  determined.  This  determination  may  be  absolute  or  relative. 

The  simplest  form  of  a  relative  determination  is  to  compare  the  color 
to  be  determined  with  a  set  of  standardized  colors  which  have  been  com¬ 
piled  into  a  special  chart  (a  color  handbook).  For  more  exact  raeasure- 
mentSj  colorimeters  are  used,  special  devices  based  on  the  method  of 
reproducing  a  color  identical  to  that  which  is  to  be  measured.  This  is 
achieved  in  colorimeters  for  relative  measurements  by  passing  white 
light  through  a  column  of  a  colored  liquid  with  a  variable  height;  in 
colorimeters  for  absolute  measurements,  the  wnite  light  is  mixed  with 
light  of  a  definite  wavelength  or  three  colors  (red,  green  and  blue- 
violet)  are  mixed.  In  the  latter  case,  each  color  is  determinable  by  a 
set  of  three  numbers,  the  color  coordinates.  Both  systems  of  absolute 
measurements  are  equally  good,  and  a  simple  change  from  one  to  the 
other  is  possible.  The  concentrations  of  solutions  are  determinable  on 
the  basis  of  their  color  intensity  (method  of  colorimetric  analysis). 

References;  Peshkova  V- M. ,  Gromova  M. I. ,  Prakticheskoye  rukovodstvc 
po  spcktrofotometrli  1  kolorimetrli  [A  Practical  Manual  on  Spectropho¬ 
tometry  and  Colorimetry],  Moscow,  I961. 

L.  S.  Prlss 
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COLOR  METHOL  OF  FLAW  DETECTION  -  Is  a  nondestructive  method  for 
testing  the  surface  quality  of  materials  and  objects  by  means  of  color. 
A  brightly  red-colored  liquid  of  the  D  or  E  grade  (VTU  2-60  of  the  L' - 
vov  SNKh)  Is  applied  on  the  previously  degreased  surface  and,  through 
the  action  of  the  capillary  forces,  penetrates  Into  the  hollow  of  the 
flaw  (a  cavity,  pore,  or  crack).  A  white  paint  of  the  NTs  523  or  NTs 
524  grade  (VTU  3*60  of  the  L'vov  SNKh)  Is  applied  to  the  surface,  after 
the  surplus  of  the  fluid  has  been  removed.  The  flaws  become  apparent 
as  clear  red  lines  or  spots.  The  color  method  of  flaw  detection  Is  ex¬ 
tremely  sensitive 3  It  Is  expedient,  therefore,  that  It  be  used  In  the 
local  testing  of  the  most  Important  parts.  See  Capillary  flaw  detec¬ 
tion. 

S.I.  Kalashnikov 
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865  BTy  =  VTU  =  Vremennoye  tekhnlcheskoye  uslovlye  =  Provisional 

Technical  Specification 

865  CHX  =  SNKh  =  Soviet  narodnogo  khozyaystva  =  Council  of  Na¬ 

tional  Economy 
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COLORIZATION  OP  STEEL  -  is  a  heat  treatment  consisting  In  heating 
ground  or  polished  steel  up  to  200*-300®,  resulting  In  the  formation 
of  an  orange-  or  bluish-colored  oxide  film  on  Its  surface.  The  colorlza 
tlon  of  steel  Is  usually  carried  out  as  a  finishing  operation  In  the 
production  of  high-strength  steel  band  after  Its  grinding.  Apart  from 
Its  decorative  effect,  the  colorlzatlon  of  steel  gives  the  surface  an 
Increased  corrosion  resistance,  especially  after  greasing  (the  grease 
penetrates  Into  the  pores  of  the  oxide  film). 


M,  L.  Bemshteyn,  I.  N.  Kldln 


COLUMBIUM  —  see  Niobium. 
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CWBUSTION  OP  TITANIUM  -  burning  of  titanium  and  its  alloys  in 
pure  oxygen  or  in  oxygen-containing  media.  The  conditions  necec  ary  for 
ignition  of  titanium  are;  critical  pr^issure,  which  depends  on  the  state 
of  the  medium  (temperature  and  tl.w  velocity  at  which  it  moves),  its 
oxygen  concentration  and  the  alloy  brand;  the  presence  of  surface  de¬ 
prived  of  a  passive  protective  filjn  (for  example,  on  failure,  substan¬ 
tial  deformation  or  damage  of  the  surface).  The  nature  of  titanium  com¬ 
bustion  has  not  as  yet  been  suffjclently  studied.  A  major  role  in  this 
process  belongs  to  physio- chemical  features  of  titanium  alloys,  that  is, 
high  oxide-formation  heat;  low  thermal  conductivity  (the  thermal  con¬ 
ductivity  of  titanium  iodide  comprises  0. 036  cal/cm* sec®* C,  that  is,  it 
is  by  a  factor  of  almost  15  lower  than  that  of  copper);  the  solubility 
of  oxides  in  the  molten  metal  (in  the  IV  subgroup,  in  addition  to  titan¬ 
ium  only  zirconium,  which  is  also  inflammable  in  an  oxygen  medium,  has 
this  property).  Alongside  with  the  physio-chemical  properties  of  titan¬ 
ium  a  certain  role  in  the  combustion  process  is  plaed  by  mechanical 
factors,  that  is,  the  character  of  the  stressed  state  (tension,  flexure, 
shear,  etc.),  the  Kind  of  fracture  (fine-  or  coarse-crystalline),  the 
degree  of  shaping  deformation,  and  also  the  surface  finish.  All  other 
conditions  remaining  equal,  specimens  with  a  smooth,  sterile-clean  sur¬ 
face  have  the  highest  critical  pressure.  Increasing  the  temperature  of 
the  medium  and  the  rate  of  oxygen  flow  results  in  a  substantial  reduc¬ 
tion  in  the  critical  ignition  pressure.  Alloying  has  a  relatively  minor 
effect  on  reducing  the  ini  jjasabllity  of  titanium  alloys.  Titanium 
iodide  has  the  highest  critical  ignition  pressure  (5O-70  atm);  the  VTI 
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comit’.ercial-f.rade  titaniiun  at  a  precr.uro  ol’  .  alia;  induc;- 

trial  alloys,  dependin.:;  on  the  brand,  ii^nito  at  prui..-.ui’o  o!  Y-l‘j  aim, 
the  alloy  composition  is  made  more  complex,  the  critl<’al  i.-^nition 
pressure  is,  as  a  rule,  reduced.  Titanium  alloys  used  Tor  the  manufac¬ 
ture  of  components  and  articles  which  operate  in  oxygon  containing 
media  should  be  produced  with  a  substantial  safety  factor  to  avoid  the 
formation  of  surface  cracks  in  service.  The  most  radical  m  thod  for  pro 
tectin^  metals  from  contact  with  the  oxygen  medium  is  the  creation  on 
their  surface  of  a  protective  ehell  which  does  not  ignite  in  the  pres¬ 
ence  of  oxygen  and  which  is  more  plastic  than  the  titanium  or  its  alloy 
Such  shells  are  created  either  by  cladding  (for  example,  by  aluminum, 
copper,  niobium;,  or  by  producing  neutral  films  by  other  methods. 

References:  "Light  Metal  Age,"  v.  17,  No.  3-4,  pages  6-7,  1959; 
Adamson  [et  al. ],  in  the  book:  Transactions  of  the  Second  International 
Conference  on  i^^aceful  Uses  of  Atomic  Energy,  Geneva,  195B;  Izbrannyye 
doklady  inostrannykh  uchenykh  [Selected  Reports  of  Foreign  Scientists]. 
[Vol.  6],  page  17-^,  Moscow,  1959* 

Ye. A.  Borisova 
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COMMERCIAL  CHROMIUM  -  is  a  metallic  chromium  containing  usually 
97-99*  of  the  main  element  and  produced  by  an  industrial  method. 

Depending  on  the  production  method,  thermite,  electrosilicothermic, 
vacuum,  electrolytic  and  other  varieties  of  commercial  chromium  are 
distinguished. 

CommercJal  chromium  melted  from  chromium  oxide  by  the  furnace-less 
thermite  method  is  produced  as  blocks  weighing  up  to  10  kg  and  is  sub¬ 
divided  into  three  grades  (GOST  5905-51)  according  to  its  chemical  com¬ 
position: 


1)  Percentage  of  elements;  2)  grade;  3)  Or  (not  less  than);  4)  not 
more  than;  5)  Kh. 

The  electrosilicothermic  method  produces  commercial  chromium  by 
reduction  of  chromium  oxide  or  chromium  ore  whose  ircn-content  was  re¬ 
moved  with  silicon  (crystalline  silicon,  or,  more  reasonable,  ironless 
chrcmlum-silicon)  in  an  arc-furnace.  The  chemical  composition  of  the 
electrosilicothermic  commercial  chromium  is  as  follows:  97-98*55^  Cr; 
0.05-0.15^  C;  0.5-1*55^;  0.2-1. 5?5  Si;  traces  of  A1  eind  less  then  O.OIJ^  S. 
With  regard  to  the  quality,  the  electrosilicothermic  chromium  is  equiv¬ 
alent  to  the  thermite  chromium.  The  electrosilicothermic  method,  how¬ 
ever,  has  significant  economic  advantages  (a  cheaper  reducing  agent. 
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the  possibility  to  use  a  cheaper  raw  material,  etc.)* 

The  vacuum  method  yields  commercial  chromium  by  reduction  of  chrom¬ 
ium  oxide  with  carbon  in  a  vacuum  (0.1-1  mm  mercury  column)  in  solid 
state  (the  temperature  of  the  process  is  l400*).  The  two-stage  method 
is  more  efficient;  a  carbon-containing  semiproduct  is  obtained  by  reduc¬ 
tion  of  chromium  oxide  or  of  ironless  chromium  ore  with  carbon,  and  the 
semiproduct  is  decarbonized  in  a  vacuum.  The  metal  (in  the  form  of  bri¬ 
quets)  contains  about  99$^  Cr,  0.02-0.035^  C,  and  0.4-15^  0.  The  total  au¬ 
tomation  and  mechanization  of  the  technological  process  is  easily  reali¬ 
zable. 

There  exist  a  number  of  technological  methods  for  the  production 
of  commercial  chromium  by  electrolysis  (electrolysis  of  aqueous  solu¬ 
tions  and  melts  of  chromium  chloride,  etc.). 

Commercial  chromium  obtained  by  electrolysis  contains  usually  995^ 
Cr.  The  content  of  metallic  impurities  Is  lowj  the  gaseous  Impurities 
(mainly  oxygen)  may  attain  1^. 

Commercial  chromium  is  also  obtainable  by  reduction  of  chromium 
oxide  and  chromium  chloride  with  magnesium,  and  also  of  chromium  chlor¬ 
ides  with  hydrogen  and  by  other  methods.  The  reduction  of  chromium 
chloride  by  hydrogen  is  of  a  great  interest  because  chromium  chloride 
may  be  relatively  easily  purified,  a  fact  which  permits  one  to  obtain 
commercial  chromium  with  a  higher  degree  of  purity  (in  the  form  of  a 
sponge)  by  the  subsequent  reduction. 

Commercial  chromium  is  used  as  a  basic  alloying  component  in  the 
production  of  special  alloys;  e.g. ,  Ni-base  and  Co-base  alloys,  etc. 

(see  Malleable  fireproof  nickel  alloys.  Castable  fireproof  nickel  al¬ 
loys.  Malleable  cobalt  alloys.  Castable  cobalt  alloys.  Heat  resistant 
malleable  nickel  alloys.  Alloys  with  special  physical  properties). 


High-grade  chiomium  is  prepared  by  the  Intense  refining  of  commer- 
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cial  chromium. 

References;  Yelyutln,  V.P.  [et  al.],  Prolzvodstvo  ferrosplavov 
[Production  of  Ferroalloys],  2nd  Edition,  Moscow,  1957 j  "Tsentr.  In-t 
Informatsll  chernoy  metallurgll”  [Central  Information  Institute  for  Fer¬ 
rous  Metallurgy],  Information  No.  40  (562),  Moscow,  1959i  Sully,  A.H. , 
Khrom  [Chromium],  translated  from  English,  Moscow,  1958;  Karsanov,  G.V. 
[et  al. ],  Poluchenlye  metal 11c he skogo  khroma  elektroslllkotermlchesklm 
sposohom  [Preparation  of  Metallic  Chromium  by  the  Electroslllcothermlc 
Method],  "Stal'”  [Steel],  1962,  No.  2. 

G.V.  Karsanov 
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COMPLEX  DYNAMIC  MODULUS  la  characteristic  of  the  elastic  hystere¬ 
sis  properties  of  the  ploymer  materials,  representing  the  ratio  of  the 
stress  amplitude  (fQ)  to  the  deformation  amplitude  (eq)  with  cyclic 
sinusoidal  stress.  With  a  phase  shift  between  the  stresses  and  deforma¬ 
tion,  uhc,  complex  dynamic  modulus  is  expressed  by  a  complex  number: 

E*  =  E'  +  iE"  and  is  the  vector  sum  of  the  real  (E')  and  imaginary  (E") 
conqponents: 

£  •  =  /,  /e,  =  £'*  +  £^  =  £  V 

where  i  is  the  phase  shift  angle  between  the  stresses  and  the  deforma¬ 
tions. 

The  physical  basis  of  the  description  of  the  behavior  of  mechani¬ 
cal  systems  under  forced  vibrations  with  the  aid  of  complex  parameters 
is  the  e^qpansion  of  the  periodic  function  describing  the  variation  of 
the  stress  in  time  into  two  components:  one  coincides  in  phase  with  the 
deformation  function  and  the  other  is  shifted  relative  to  It  by  the 
angle  7t/2.  E’  and  E”  are  coefficients  of  proportionality  between  the 
aiqjlitude  values  of  the  stress  and  deformation  respectively  for  com¬ 
ponents  which  do  and  do  not  coincide  in  phase.  E'  and  E”  depend  on  the 
frequency  (cd)  of  the  djTiamic  loading  and  the  tenperature  T.  Increase  of 
0)  affects  E'  and  E”  similarly  to  a  reduction  of  T.  The  characteristic 
form  of  vao'iation  of  E'  and  E"  with  a'  and  T  is  shown  on  the  figure. 

The  region  of  high  to  and  low  T  corresponds  to  the  hard  vitrified  state. 
Low  CO  and  high  T  lead  to  a  rubber-like  highly  elastic  state.  The  in¬ 
flection  point  on  the  E'  curve  and  the  maximum  of  E”  correspond  to  the 
transition  from  one  state  to  another.  Depend.’ ng  on  the  polymer  struc- 
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ture,  the  values  of  the  transition  parameters  may  vary  over  wide  limits. 


References;  Strelkov  S.P.,  Vvedenlye  v  teorlya  kolehanly  (Intro¬ 
duction  to  the  Theory  of  Vibrations),  M.-L.,  1950:  Gehman  S.D.,  "Rub¬ 
ber  Chem.  and  Technol."  1957*  v.  30,  No.  5,  p.  1202;  Rernlkovskly  M.M. , 
KhNiP,  1959,  Vol.  4,  No.  1,  page  79. 

M.M.  Reznikovskly 
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COMPRESSION  TEST.  This  test  is  most  frequently  used  for  materials 
irtiich  are  brittle  under  stretching  (cast  iron,  silicate  glass,  ceramics, 
wood,  for  example)  and  for  materials  applied  in  constructions  which  are 
workliig  under  compression.  The  tests  are  carried  out  on  universal  ma¬ 
chines  or  presses  with  specimens  of  cylindrical  or  prismatic  shape;  the 
butts  of  the  specimens  must  be  strictly  perpendicular  to  the  longitu¬ 
dinal  axis  and  must  have  a  surface  machined  with  a  roughness  of  the  V7 
degree.  The  longitudinal  stability  of  the  specimen  during  the  test  un¬ 
til  destruction  is  secured  by  selecting  a  ratio  h/d  =  1. 5-2,  where  h 
and  d  are  the  height  and  the  diameter  of  the  specimen,  respectively. 

When  the  test  is  carried  out  by  a  stress-gauge,  the  dimensions  of  the 
specimen  depend  on  the  possibility  of  placitig  the  stress-gauge  (usually 
with  a  base  of  25-50  mm)  on  it.  Sheet  specimens  are  tested  in  devices 
which  ensure  the  stability  (Fig.).  The  modulus  of  elasticity,  the  pro¬ 
portional  and  yield  Ij.mlts  ceui  be  determined  with  a  sufficient  exact¬ 
ness  in  the  compression  test.  Compression  characteristics  as  the  ccan- 
pression  strength  and  the  relative  contraction  depend  on  the  intensity 
of  the  friction  on  the  butts;  the  friction  may  be  decreased  by  lubrica¬ 
tion,  conical  cups,  specimens  with  conical  butts  and  by  increasing  the 
h/d  ratio  within  the  permissible  limits.  “Hie  majority  of  brittle  ma¬ 
terials  becomes  der.iroyed  under  compression  by  shearing,  sometimes  by 
breaking;  some  ple^stic  materials  (copper,  aluminum,  for  example)  are 
not  destroyed  when  compressed;  the  compression  strength  of  sandwich 
plastics  (glass-<cextolite,  etc.  )  is  considerably  lower  when  compression 
is  carried  out  along  the  layers,  than  when  stretching  is  applied.  Com- 
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presslon  tests  of  materials  (mainly  sheet  materials)  at  high  tempera¬ 
tures  become  more  and  more  adopted  in  order  to  determine  the  basic  cal¬ 
culation  characteristics:  pts*  2'  carried 

out  in  a  device  placed  in  a  heating  furnace  which  is  set  into  a  coranon 
testing  machine. 


Fig.  Scheme  of  the  device  for  the  compression  test  of  wheet  materials. 
1)  Stand;  2)  specimen;  3)  strain-gauge;  4)  indicator. 


References!  Pridmsui  Ya.  B- ,  Mekhanicheskiye  svoystva  metallov  [The 
Mechanical  Properties  of  Metals],  2nd  edition,  Moscow,  1952;  Deinllov  Yu. 
o. ,  Kadoonova  N.  V. ,  and  Mironov  L.  G. ,  Pribor  dlya  Ispytaniya  plosklkh 
Obraztsov  na  szhatiye  (Device  for  the  Ccaapresslon  Test  of  Plat  Speci¬ 
mens],  "ZavodsKaya  laboratoriya, "  1958,  No.  10,  page  1271. 

N.  V.  Kadobnova 
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COMPUTATIONS  I£NOTH  -  basis  for  measuring  the  elongation  of  a 
specimen  In  a  tensile  test.  Is  laid  off  at  a  section  with  a  constant 
cross  section.  The  computational  length  Is  denoted  by  1q  and  Is  usually 
chosen  as  equal  to  5. 65*/?  or  11. 3*/?,  ^here  P  Is  the  cross  sectional 
area  of  the  specimen  at  the  computational  length),  which  corresponds 
to  5d  and  lOd  for  round  specimens  (where  d  Is  the  specimen's  diameter). 

N. V.  Kadobnova 


CONCENTRATED  NECKINQ  -  the  ratio  of  the  reduction  in  specimen 
cross-sectional  area  after  fracture  to  the  cross-sectional  area  of  the 
uniformly  deformed  region  of  the  specimen.  This  quantity  Is  expressed 
as  a  ratio  for  percentage:  where  Pj^  Is  the 

cross-sectional  area  of  the  specimen  after  fracture  and  Is  Its 
cross-sectional  area  In  the  region  of  uniform  deformation  (see  Uniform 
necking).  Concentrated  necking  characterizes  the  local  plasticity  and 
Is  determined  only  for  materials  that  neck. 


N.V.  Kadobnova 


I-1C6K 


CONDinONINO  OF  SPECIMENS  -  Is  the  confonnlng  of  specimens  to  the 
conditions  which  are  prescribed  by  specifications  and  standards.  Itie 
conditioning  of  specimens  is  generally  carried  out  before  the  testing 
of  fibers,  fabrics,  leather,  and  other  hygroscopic  materials,  whose 
properties  change  under  the  effect  of  the  surrounding  air  and  tempera¬ 
ture.  An  air  temperature  of  20±5*,  and  a  relative  humidity  of  65±5^  is 
prescribed  according  to  GOST  3811-47  for  the  determination  of  the  me¬ 
chanical  properties  of  textile  materials.  The  specimens  must  be  kept 
under  standard  conditions  for  at  least  24  hours  before  the  test  is  car¬ 
ried  out.  Conditioning  dryers  are  used  to  determine  the  amount  of  the 
moisture  in  fibers:  the  moisture  content  is  determined  in  the  apparatus 
Itself  at  the  drying  temperature. 

S.A.  Reytlinger 
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CCaiDUCTIVE  LACQUER  AND  PAINT  COATINQS  are  used  for  screening  or 
removal  of  the  electrostatic  charges  whose  accumulation  can  lead  to  the 
formation  of  spark  discharges,  and  also  In  the  preparation  of  conduc¬ 
tors  In  certain  types  of  printed  circuits.  In  addition,  the  conductive 
coatings  are  used  for  corrosion  protection  of  metallic  surfaces  sub¬ 
jected  to  spot  welding.  The  conductive  coatings  are  obtained  by  various 
methods,  for  example,  by  means  of  mixing  conductive  binders  with  non- 
conductlve  pigments  or  else  binders  of  the  usual  type  in  combination 
with  conductive  pigments.  To  obtain  the  conductive  coatings  using  the 
first  method,  there  are  added  to  the  lacquer  which  has  been  selected  as 
the  binder  strong  electrolytes,  for  example,  the  acids  or  salts  of  the 
metals  which  are  soluble  In  the  binder.  As  pigments,  use  can  be  made  of 
any  pigments,  but  in  practice  use  Is  made  of  the  aluminum,  bronze  and 
copper  powders  which  give  the  surface  being  painted  a  metallic  appear¬ 
ance.  The  electrlca,.  conductivity  of  such  conductive  coatings  changes 
with  time,  and  also  under  the  Influence  of  elevated  temperatures.  The 
presaice  of  electrolytes  in  the  paint  film  can  be  the  cause  of  corro¬ 
sion.  In  the  preparation  of  the  conductive  coatings  by  the  second  me¬ 
thod,  the  electrical  conductivity  is  achieved  as  the  result  of  the  use 
of  pigments  which  possess  electrical  conductivity  (sliver  powder, 
graphite  and  prepared  copper  powder).  The  aluminum,  bronze,  zinc  and 
Iron  powders  give  coatings  which  are  not  conductive.  The  conductive 
coatings  prepared  with  the  use  of  the  conductive  pigments  have  better 
stability  thatn  those  obtained  with  the  aid  of  the  electrolytes.  Indus¬ 
try  produces  In  accordance  with  TU  MKhP  1821-46  the  compoGltlor.  No.  II9 
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(conductive  enamel)  -  a  paint  consisting  of  a  mixture  of  pigments  In  a 
binder  of  pentaphthalic  lacquer  with  the  addition  of  a  dessicant  and 
solvent.  This  composition  Is  used  for  the  coating  of  metallic  surfaces 
being  welded  to  protect  them  from  corrosion  and  is  applied  by  brush  or 
by  an  atomizer.  Prior  to  use,  the  enamel  Is  thinned  to  working  consist¬ 
ency  with  the  RS-S  solvent.  The  paint  Is  a  dark-gray  color;  the  viscos¬ 
ity  measured  on  the  VZ-4  is  no  less  than  60  seconds.  The  drying  dura¬ 
tion  at  18-23'’  Is  no  longer  than  24  hours,  at  100”  It  Is  no  more  than  1 
hour.  The  film  of  the  dried  enamel  must  not  be  sticky;  In  external  ap¬ 
pearance  It  must  be  matte  and  must  not  contain  granules  or  unground 
particles,  must  have  good  adhesion.  A  metallic  plate  painted  with  the 
enamel  and  dried  for  5  days  at  18-23°  or  after  hot  drying  must  not  cor¬ 
rode  with  exposure  to  water  vapors  at  room  temperature  for  24  hours. 

The  metallic  surfaces  covered  with  the  enamel  must  be  weldable,  both 
with  the  fresh  enamel  layer  and  In  the  course  of  48  hours  after  appli¬ 
cation. 

Prior  to  use  the  enamel  Is  stirred,  thinned  to  the  working  con¬ 
sistency  and  filtered  through  a  sieve  having  2400  openings  per  square 
centimeter. 

References;  Printed  Circuit  Techniques,  transl.  from  Eng.  ed.  by 
K.N.  Trofimov,  M. ,  1948;  DRP  643193-30.03.,  1937;  DRP  715530-23.12., 

1941. 

B.I.  Ivanov 
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CONFIDENCE  INTERVALS  OP  MECHANICAL  PROPERTIES  -  see  Scattering  of 
Mechanical  Properties. 
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COKSTAKTAN  —  is  an  alloy  which  belongs  to  the  group  of  resistor- 
alloys,  characterized  by  a  high  thermoelectromotive  force,  a  low  temper¬ 
ature  coefficient,  and  a  constant  electric  resistivity.  The  alloy  has 
the  trademark  MNMts-40-l.  5.  It  is  used  mainly  in  tne  production  of 
rheostats,  thermocouples,  and  heating  devices  having  working  tempera¬ 
tures  of  up  to  500®. 


TABLE  1 

Chemical  Composition  (GOST  492-52) 


Ociio»inie  KnunoHCMTM  (%) 


lIpHMCCH  (%,  III'  Oii.'ice) 


Mn 

Nli-Co  • 

Cu 

ft  \ 

SI 

Ma 

Pb 

s  1  C 

P 

1 

1 

1. 0-2.0 

1  89.0-41,0 

OcTaii^oe 

0.5 

0,1 

1  0.05 

0.005 

1 

0.02  1  0,1 

0.005 

0.002 

0,002 

*  Cobalt  is  present  as  an  impurity  of  nickel. 

1]  Main  components;  2)  impurities  {%,  not  more  than); 
3)  the  rest. 


TABLE  2 

Physic omechanical  Proper 
ties 


CnotcTia 


nofcasareAkj 
2 


CocTnfiHiiP 

MaT«PNA'ia 


4<I1J.  <*C) . 

5vr<<M’) . 

fa  arc.)  . 

7^(«M-v*C) . 

I  X(ica<<.cjH  e«ii  *0 . 

9  g  jN) . 

9Ti'Mnep«T7|iHull 

SJKKTpuClinpnlMUieHHfl 
■  NHTepuun  20—100* 

.10 . 

.10 . 


HB 

10 


1200 

«.» 

14.4  |i'- 
0,0977 
O.Oi 

0.48 


2  10  — 
1 0800 
40-JO 

70-85 


SO 

2-4 


88 

Ti-»C 
1 85 


OroiHNirii- 14 
Hlii 

IIiRiicaa^  1 2 
IIHl 

II 

hmI 

Hanoi'iiaiK  '* 
Rya 
ao  80% 

,  naroV 

OioNiiiieB. 

Iiya 

I  HaKJnn*R> 
■ya 

AO  80% 


18 

11 

12 


1)  Properties;  2)  characteristics;  3)  state  of  the  material;  4)  tp^^  {*C) 
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5)  y  (g/cin");  6)  c  (cal/g  ®C)j  7)  X  (cal/cm*  sec*  ®C);  8)  p  (ohin*nun^/m); 

9)  temperature  coefficient  of  the  electric  resistance  in  the  temperature 

p 

range  20-100®;  10)  kg/mm  j  11)  tempered;  12)  cold-hardened  up  to  805^; 

13)  cast. 

TABLE  3 


The  Physicomechanical  Pro¬ 
perties  as  a  Function  of 
the  Tempering  Temperature 


n 

2  » 

0 

0 

H 

9 

m 

3! 

C 

a. 

m 

llaMJieiiiiM- 

<3 

, 

0.505 

3.30 

^  huR 

D  100 

85 

1 

0.507 

3,28 

200 

83 

1.5 

0.505 

3.30 

8.82 

300 

83 

2 

0.495 

3.38 

— 

«00 

78 

4 

0.485 

3.43 

8.804 

500 

7< 

9 

0.474 

3.4< 

— ■ 

<00 

50 

20 

0.4<7 

3.45 

8.  >14 

700 

49 

21 

0.4<5 

3.45 

<00 

48 

25 

0.4<4 

3.47 

8.930 

too 

48 

30 

0.404 

3.47 

1)  Tempering  temperature 
(®C);  2)  kg/mm^;  3)  ohm*mmV 
/m;  4)  electrical  conducti¬ 
vity  in  comparison  with  cop¬ 
per  (^);  5)  g/cm^;  6)  cold- 
hardened. 


References;  Berkovskiy  I.  Ya. ,  and  Kolokolova  A. 0. ,  Nikelevyye 
splavy  [Nickel  Alloys],  Moscow- Leningrad,  1941;  Smiryagin  A. P. ,  Promy- 
shlennyye  tsvetnyye  metally  i  splavy  [Commercial  Nonferrous  Metals  and 
Alloys],  2nd  edition,  Moscow,  1956;  Usov  V.  V. ,  and  Zaymovskly  A.  S. , 
Provodnikovyye  reostatnyye  i  kontaktnyye  materialy  [Conducting,  Rheo¬ 
stat,  and  Contact  Materials],  [3rd  edition],  Moscow-Leningrad,  1957 
(Metally  i  splavy  v  elektrotekhnike  [Metals  and  Alloys  in  Electrical 
Ehgineering],  Vol.  2);  Pogodin  S.A. ,  Provodnikovyye  1  reostatnyye  spla¬ 
vy  [Conducting  and  Rheostat  Alloys],  Leningrad-Moscow,  1936;  Schulze  A., 
Metallische  Werkstoffe  filr  Terhmoelemente  [Metallic  Materials  for 
Thermocouples],  Berlin,  1940. 
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CONSTRUCTIONAL  CERMET  MATERIALS  are  powder  metallic  materialc  for 
general  structural  application,  primarily  those  using  an  iron  base.  The 
classification  and  pi'opertles  of  the  basic  forms  of  cermet  materials 
are  given  in  Tables  1  and  2. 

Sheet,  strip  and  other  products  are  also  prepared  by  means  of  roll¬ 
ing  sintered  blanks.  In  recent  years  the  iron-copper  material  obtained 
by  inqjregnatlng  porous  blanks  made  from  sintered  iron  with  liquid  cop¬ 
per  have  taken  on  great  importance;  this  material  has  high  strength 
properties. 
i’ABLE  1 

Classification  of  Iron-Base  Constructional  Cermet  Materials 


1  Una  Manpaaiia  | 

2  Xhh.  ciicTan 

3  lIpiiMriicHMe 

4  KoMnaKTHoc  cnawHHoe  atcjicao 

! 

Pc  (tCH'tfia.  S 

Paa-iMiHi.t'  aoTa.iR  Mauiiiii  M 

,  c  —  0.02— 0,2%. 

UpH0o|H>8,  II  T.  I.  niTOIIII, 

1  KoMnaHTHaM  cne<ieHNan  yrjitpn- 

'npMMCCH  — noo..S% 

i(y;iaNKM,  ury.iKH 

Pc  —  5 

Til  me  g 

Altera  fi  CTa;ib 

^  C-‘0.3-».8%. 

'npHUCCM  — 

9  KoHnaKTHaa  riicacHHan  aepwa- 

Pc  oCHoKa.S 

•fioutan  cT4.ib 

Nl  -  12-18%. 

Cr  --  0-8%. 
C-».2-<>.3%. 
'iipimecii  -  a"  1% 

» 

lOHteneaoMCiiHul  cnaaa 

pr  •-  liTHoNil,. 

inwrepoii  n  ,ip  aPTa.711  m<iiiiiiii 

r  - 

Cu  -  S-  IS% 

11  npn6c»|M>H 

t2BaKyyMHbil  jiernpupaHHul  rnjiaa 

pc  —  1 

Nl 

ACTil.lH  tiniiaiMTypM 

M"  -  20% 

1 

I)  Material  form;  2)  chemical  composition;  3)  application;  4)  sintered 
iron  compact;  5)  base;  6)  various  components  of  machines  and  instru¬ 
ments,  including  rods,  cams,  bushings;  7)  sintered  carbon  steel  comnact; 
8)  same;  9)  sintered  stainless  steel  compact;  10)  iron-copper  alloj, 

II)  gears  eind  other  con^jonents  of  machines  and  instruments;  12)  vacuum 
melted  alloy;  13)  components  for  vacuum  apparatus. 


Consonants  and  products  made  from  these  materials,  with  the  excep¬ 
tion  of  the  vacuum  melted  alloy,  may  sdso  be  prepared  by  the  convention¬ 
al  methods  of  casting  with  subsequent  mechemical  working.  The  advantage 
of  producing  fvilly  dense  components  and  products  by  the  powder  metal- 
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TABLE  2 

Properties  of  Basic  Forms  of  Iron-Base  Construc¬ 
tional  Cermet  Materials 


1  Uma  HflTcpiinAn 

}  HI) 

(Kii,au(>) 

a  0, 

<K.*  MJM*)  ' 

1 

2  '’-fr 

1  «(%; 

j  Ki'Miiai<Tiiiic  ciic<ieiiiiiio  iMuirao . 

so-lio 

IU-21 

4  Kiimmiiktiiiic  ciiohohiiiic  )k<uic:ii>,  iiiiaHopr' 
iiyTiio  n''4>i>PMn''><"  (!i0— 7U%)  .... 

Ib-nn 

0-7 

*  KoMIIIlKTIlilli  CIIC<ieHII«n  yMC|KinM(TIIII 
CTajii.  .11%  C) . 

Pi- 1  <10 

il’-.'.8 

4-« 

6  KHMiiHKTfiiiPi  ciieMciiinn  iii'iuii.inrinuiAn 
CTfl.ib  Tiinfl  l?*8.  1104. epniyTaH 
ilmpMaitiiH  (flO— 70%) . 

ir.n-i7ii  1 

Sfi— no 

72-7!, 

)!.-n 

7  BaKyyuHM*  AcrMP<iiw<iiHul  ciiJiaa  .  .  . 

lull— M)i 

tno— tko 

1)  Material  form;  2)  HB  (kg/mm  );  3)  sintereri  iron  compact;  4)  sintered 
iron  compact  subjected  to  deformation  (60-70^):  5)  sintered  carbon 
steel  contact  (0.5-1.0j^  C);  6)  sintered  type  lo-8  stainless  steel  sub¬ 
jected  to  deformation  (60-705^);  7)  vacuum  melted  alloy. 

lurgy  method  lies  in  the  great  savings  cf  metal,  electric  power,  man¬ 
power  as  a  result  of  obtaining  parts  in  finished  form,  avoiding  the  use 
of  mechanical  working. 

References:  Rakovskiy  V.r*.  and  Saklinskly  V.V.,  Metallokeramika  v 
mashlnostroyenii  (Cermets  in  Machine  Design),  M.,  1956;  Samsonov  G.V. 
and  Plotkin  S.Ya.,  Proizvodstvo  zheleznogo  poroshka  (Production  of  Iron 
Powder),  M. ,  1957 • 

V.V.  Saklinskly 
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CONVENTIONAL  DEFORMATION  -  magnitude  of  the  deformation  of  a  spe¬ 
cimen  referred  to  its  initial  dimension  (length,  cross-sectional  area, 
angle);  is  expressed  by  the  relative  value  of  in  percents.  The  conven¬ 
tional  deformation  in  mechanical  tests  is  characterized:  1)  in  tension 
by  elongation  or  100%  ,  where  1q  is  the  initial  computa¬ 

tional  length,  and  Ij^  la  the  final  length  (or  the  length  at  the  given 
experiment  time),  or  by  reduction  in  area  ^  ,  where  is  the  in- 

Itlal  cross  sectional  area  of  the  working  part  of  the  specimen,  and  F 

Ic 

is  the  final  cross-sectional  area  (or  the  area  at  the  given  experiment 
time).  The  elongation  6  and  reduction  in  area  V  are  related  by  the  re¬ 
lationship  j  2)  in  compression  it  is  expressed  by  contraction 

®szh  “  ^0  initial  height  of  the  specimen,  and  h, 

iv 

is  the  height  of  the  specimen  after  ccmprsssion  (or  at  the  experiment 
time  under  consideration),  less  frequently  by  the  transverse  area  ex- 

F 

pansion  J  3)  in  torsion  it  is  expressed  by  the  relative 

,  where  is  the  relative  angle  of  twist  (in  rad¬ 

ians)  for  two  cross  sections  in  the  working  part  of  the  specimen  (with 
a  diamter  d^)  located  at  a  distance  1^. 

N.  V.  Kadobnova 


888 


I-lllK 


COPiiL  -  l8  an  alloy  used  in  pyrometry  as  a  negative  thermoelec¬ 
trode  in  the  thermocouples:  chromel  —  copel  (KhK)  and  iron  -  copel 
(ZhK),  and  also  for  compensation  conductors.  The  alloy  has  the  trade 
mark  MNMt843-0. 5. 

In  comparison  to  copper-nickel  alloys  utilized  for  similar  pur¬ 
poses,  copel  is  characterized  by  a  maximum  thermoelectromotlve  force 
and  a  temperature  coefficient  of  the  electric  resistance  which  is  al 


TABLE  1 

Chemical  Composition 


lOcaonoM  iKWjoiieirru  (%) 


2  niMIMrCM  (%,  M  SOMT) 


Ma 

Nl+Co*  1 

Cu 

r« 

i  SI  1 

Mt  1 

i  Pb 

Jj 

c 

p 

Bl  ! 

!  A* 

Sb  1 

|BMm 

0. 1-1,0 

43.S-t4.oj 

ocfaokiir 

O.il 

jo.iO 

O.OS 

0.003 

0.1 

0.003 

o.ooj 

0.90S 

1 

0.003 

1  **'* 

♦  Cobalt  is  present  as  an  impurity  of  the  nickel. 

1)  Main  components;  2)  Impurities  not  more  than); 
3)  the  rest. 


TABLE  2 


The  Physical  Properties  of  Copel  as  a 
Function  of  the  Temperature 


& 

I 

^2 

1 

•e 

_ _ 3 

iwwTpnwipnf  urt 

Tmk  a  aapo 
e  awTaaot 
apa  ttf  .pa 
OBOOCUMMI 
IHMiano  0* 

4 

0 

0.S04 

i.ooe 

-0.00014  (O-IOO*) 

0,0* 

too 

0.40T 

o.oos 

-0.00013  (100—300*) 

-  (.00 

300 

0.4*1 

0.074 

-0.00010  (300-10**) 

-  0.47 

*00 

o.«t* 

0.0*1 

-0.0040*  (100—4*0*) 

-11.44 

400 

0.401 

0.040 

O.OOObO  (400—100*) 

-lO.Ol 

*00 

0.4*1 

0.040 

.0.040*4  (400-400*) 

-31.00 

000 

0.40* 

0.0*1 

*9.00000  (000-700*) 

-10.3* 

TOO 

0.400 

0.0*0 

.o.oooeo  (000-0*0*4 

-14.74 

000 

0.4*1 

0.«7$ 

-40.30 

2 

1)  Temperature;  2)  ohm* mm  /m;  3)  temper¬ 
ature  coefficient  of  the  electric  re¬ 
sistance;  4}  thermo-emf  in  a  couple  with 
platinum  at  0*  temperature  of  the  free 
ends  (microvolts). 
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most  equal  to  zero.  These  properties  permit  copel  to  be  used  in  :;pe':ial 
electric  devices.  Copel  is  also  a  good  material  for  the  design  of 


TABLE  3 

Uie  Hiysicomechanical  Properties  as  a 
Function  of  the  Degree  of  Cold  Deformation 


1 

MMiia 


0 

IW 

20 

10 


00 

TO 

00 

00 


nil 

(tU  MM,*) 

o 

<«..  MM*) 

2 

«(%> 

* 

J 

riMNTrvH 

MtiCTk  no 
nmnsn- 

NH»  N 

mw  (%) 

V  . 

9 

lOft 

«o 

]«.0 

0.4»0 

3.40 

t.ftOft 

127 

4rt 

II.O 

0.4>N 

3.34 

• 

I4t 

M.t 

U.&04 

3.30 

S.ftX 

161 

St 

T.O 

o.sot 

3.2t 

— 

174 

ct 

S.V 

o.&l  1 

3.28 

o.fttS 

171 

U.SI3 

3.24 

— 

171 

it 

3.0 

U.SI4 

3.23 

ft.  000 

{$2 

70 

1.& 

O.bIS 

3.23 

it7 

t: 

2.0 

O.&li 

3.23 

o.oto 

72 

2.0 

ft. SIS 

3.24 

2  2 

Ij  5^  of  deformation;  2)  kg/mm  ;  3)  ohm*  mm  /m; 
4)  electrical  conductivity  in  comparison  with 
copper;  5)  g/cm3. 


rheostats  and  heaters  having  working  temperatures  of  up  to  600®.  The 
changes  in  the  electrical  and  thermoelectrical  characteristics  of  the 
copel  due  to  temperature  are  quoted  in  Table  2. 

References:  Berkovskly  I. Ya.  and  Stepanov  F. N. ,  Termoelektrodnyye 
i  kompensatsionyye  splavy  [Alloys  for  Ihermoelectrodes  and  Compensa¬ 
tors],  "Prolzvodstvenno-tekhnicheskiy  byulleten'  zavoda  im.  Sergo  Ord¬ 
zhonikidze  v  g.  kol'chugino"  [Working  and  Technical  Bulletin  of  the 
Sergo  Ordzhonikidze  Plant  in  Kol'chugino],  1936,  No.  3-1;  Berkovskiy 
I.  Ya. ,  and  Kolokolova  A.G. ,  Nikelevyye  splavy  [Nickel  Alloys],  Moscow- 
Lenlngrad,  1941;  Smiryagin  A.  P. ,  Promyshlennyye  tsvetnyye  metally  i 
splavy  [Commercial  Nonferrous  Metals  and  Alloys],  2nd  edition,  Moscow, 
1956;  Schulze  A.,  Metallische  Werkstoffe  fUr  Thermoelemente  [Metallic 
Materials  for  Thermocouples],  Berlin,  1940. 
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COPPER.  Cu  is  a  chemical  element  of  the  l^t  Group  of  the  Mendele¬ 
yev  periodic  system,  atomic  number  29,  atomic  wleght  63.5^*  As  a  result 
of  the  fact  that  Copper  is  encountered  in  thenatlve  state,  it  has  been 
used  by  man  from  the  acient  days  (Bronze  Age).  The  copper  content  in 
the  earth's  crust  amounts  to  only  0.01  weight  %.  The  dominant  portion 
of  the  copper  (about  QQ%)  exists  in  the  earth's  curst  in  the  form  of 
compounds  with  sulfur.  About  155^  of  the  copper  Is  found  in  the  form  of 
oxygen  compounds  (carbonates,  oxides,  silicates,  etc. ).  Copper  forms  up 
to  240  minerals,  but  only  about  40j<  of  them  are  of  Industrial  import¬ 
ance. 

Copper  is  a  red  metal  with  a  rose  color  in  the  fracture,  having  a 
greenish-blue  color  irtien  illuminated  in  thin  sections.  Copper  has  a 
face-centered  cubic  lattice  (a  =  3*6074A).  Native  copper  consists  of  a 
mixture  of  two  stable  Isotopes:  Cu^^,  present  in  tl.e  amount  of  69. 04^^, 
and  Cu^^  -  30. 96?^.  Among  the  artificial  radioactive  isotopes,  Cu^^  and 
Cu^^  are  used  as  tracer  atoms.  Density  is  8.96  (20*),  t^^^  is  I0S3*, 

^Klp  2600*,  heat  of  fusion  is  3-11  kcal/gram-atoo,  heat  of  vaporiza¬ 
tion  is  72.8  Kcal/gram-atom,  specific  heat  Is  0. O92  cal/g-*C  (20*). 
Distincltive  features  of  copper  are  the  high  electrical  and  thermal 
conductivities  (as  a  current  conductor  it  occupies  2nd  place  following 

silver).  The  thermal  conductivity  is  0.941  cal/cm-sec-*C  at  20*,  elec- 

2 

trical  resistivity  is  0.178  ohm-mm  /m;  temperature  coefficient  of  elec¬ 
trical  resistance  is  4.3.10"^  (0-100*);  thermal  coefficient  of  linear 

expansion  is  17.0*10"^  (20-100*).  Modulus  of  elasticity  is  13.200  Kg/ 

2  2 
/mm  ,  shear  modulus  is  4240  kg/ima  .  Copper  is  diamagnetic. 
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Copper  is  corrosion  resitant  and  plastic,  as  a  re:;ult  of  which  it 
is  easily  pressure  worked  in  the  hot  and  cold  condition::. 


Mechanical  Properties  of 
Copper 


I  CoetMiiM 


•  HiiriMii  . 

•  TwpaM 
4  MmnuH  . 

•  Tmpmn 

4  MiirMM  . 

•  Twpjua 
4  Mnriun  . 
4  Tatp/wa 
1  itmnn  . 
4  MarpM  . 
4  Twpaaa 
4  Mantaa 

•  Tatpaia 


^  CwiaCTM 

iue*l  S 

a  <•!.) 

#  nj 

a  (KtM'tM'y 
H 

ira  <*t  MM'ti 

a-,  (»/  »«'>s 

Ma  Saw  tu* 

•  aBK.Hia 


ll»H»  WTr.ll. 
CWiacTB  ■* 


7 

.m 

70-24 

4U-S0 

i‘l 

4 

74 

JS 

II 

34-40 
•0-1 20 
1.7 
II 


1)  Condition;  2)  properties; 
3'  property  index;  4)  soft; 

5 I  (kg/mm^);  6)  hard;  7)  cast 
8)  a  (kgm/cm^);  9)  on  the 
basis  of  10°  cycles. 


The  ultimate  strength  of  copper  increases  with  work  hardening 
while  the  elongation  decreses.  In  this  case  the  polyhedral  or  dendritic 
structure  transforms  into  a  fibrous  structure.  After  annealing,  copper 
regains  its  normal  plasticity,  since  recrystallization  takes  place  and 
the  structure  again  becomes  equized,  polyhedral,  with  a  large  quantity 
of  twinned  crystals.  Annealing  at  a  temperature  of  900*  aind  above  :e- 
terlorates  the  strength  and  plasticity  of  copper.  Temperature  for  full 
anneal  is  600-700°. 

In  compounds  copper  is  mono-  and  di-valent.  The  electrc-chemi 
equivalent  of  di-valent  copper  is  1. 168‘  g/a-°C,  the  standard  electrode 
potential  is  -0.34  v.  At  normal  temperature  copper  has  low  chemical 
activity,  in  moist  air  it  is  gradually  covered  with  a  thin  and  dense 
film  of  basic  sulfate  and  carbonate  salts  which  protect  against  further 
oxidation.  Ccppe^  dissolves  easily  in  nitric  acid  with  the  release  of 
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nitrogen  oxides  and  the  formation  of  "^opper  nitrate.  When  heated  in  hot 
sulfuric  acid,  copper  dissolves  with  the  release  of  sulfur  dioxide  and 
the  formation  of  copper  sulfate.  In  the  absence  of  other  oxidizers, 
dilute  sulfuric  ai‘d  hydrochloric  acids  do  not  attack  copper.  Copper  is 
stable  in  solutions  of  nonoxidizing  salts,  but  its  corrosion  increases 
sharply  in  the  presence  of  the  higher  oxide  salts  of  iron,  tin  and  other 
elements  (mine  waters).  Organic  acids  attack  copper  only  slightly.  The 
corrosion  rate  in  sea  water  is  only  0.05  mm/year.  Copper  has  poor  re¬ 
sistance  to  ammonia,  ammonia  salts  and  alkaline  cyanide  compounds,  llie 
interaction  of  copper  with  oxygen  begins  even  at  room  temperature.  At 
high  temperatures  the  rate  of  oxidation  increases  strongly  and  a  red¬ 
dish  colored  cuprous  oxide  film  is  formed.  The  rate  of  penetration  of 
oxygen  into  copper  to  a  depth  of  0.5  mm  as  a  ^unction  of  temperature 
(with  total  oxygen  content  of  0.2^5^)  is; 


1) Temperature;  2)  rate  of  pen- 
t rat ion  (hours). 

The  diffusion  coefficient  (with  total  oxygen  content  in  the  copper 
of  0.4ljg)  is: 


1  Tnra-pi  (*C)  j 

«00 

j  700 

•  00 

1  o*-’ 

1 

j  I.4T-' 

i 

j  i.n-' 

1) Temperature;  ^)  diffusion 
coefficient  (cm^^/sec). 


Nomal  copper  contains  up  to  0.^5?^  CU2C,  which  corresponds  to  0.055^ 
oxygen.  This  content  prevents  saturation  of  copper  by  hydrogen,  which 
causes  "growth”  of  copper  pigs  in  the  conventional  methods  of  casting. 
Copper  containing  oxygen  must  not  be  heated  in  a  reducing  atmosphere. 
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since  as  a  result  of  the  penetration  of  these  gases  into  the  metal  there 
takes  place  the  reaction  of  formation  of  water  vapor,  which  caur;es  the 
appearance  of  cracks  in  the  metal  ("hydrogen  disease"). 

Both  the  properties  of  copper  and  its  behavior  during  working  de¬ 
pend  on  its  purity.  Slight  amounts  of  many  elements  appearing  in  copper 
in  the  form  of  admixtures  or  additives  lead  to  sharp  decreases  of  the 
electrical  and  thermal  conductivities  of  copper,  hinder  pressure  work¬ 
ing,  Sources  of  impurities  in  copper  are  the  ores  which  contain  various 
foreign  metals,  impurities  which  enter  during  smelting  and  deoxidation 
of  the  metal,  and  those  which  enter  with  the  use  of  secondary  metals. 
With  respect  to  the  nature  of  the  interaction  with  copper,  the  impuri¬ 
ties  may  be  divided  into  the  following  three  groups:  1)  impurities  of 
the  metals  which  form  solid  solutions  with  copper  (  Ni,  Zn,  Sb,  Sn,  Al, 
As,  Fe,  P  and  others);  2)  the  metals  which  are  practically  insoluble  in 
copper  and  form  low-melting  eutectics  with  it  (Pb,  Bi  and  others);  3) 
the  metals  which  form  brittle  chemical  compoimds  iwth  copper  (S,  0^  and 
others).  As  a  rule,  the  elements  which  are  soluble  in  copper  do  not 
deteriorate  the  capability  of  copper  for  plastic  deformation  but  do  re¬ 
duce  the  electrical  and  thermal  conductivities  if  their  content  in  the 
metal  is  low. 

The  majority  of  the  metals  and  impurities  of  the  first  group  do 
not  Impair  the  mechanical  properties  of  copper  and  are  widely  used  in 
the  production  of  variuos  aD.loys.  Thus,  iron,  which  is  only  slightly 
soluble  in  copper  (at  635°  only  0.15^  Fe  enters  into  the  solid  solution) 
refines  the  grain  structure,  retards  recrystallisation,  improves  the 
strength  and  reduces  the  plasticity  of  copper  decreases  in  the  presence 
of  iron.  The  solubility  of  antimony  in  copper  diminishes  sharply  with 
temperature  reduction.  The  appearance  of  intermetallic  compounds  red¬ 
uces  the  plastic  properties  of  the  copper,  moreover  antimony  reduces 
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the  electrical  and  thermal  conductivities,  therefoe,  copper  containing 
no  more  than  0,002%  Sb  is  used  for  current  conductors.  Aresenlc  reduces 
the  electrical  and  thermal  conductivities  of  copper  Just  as  strongly. 
However,  presenlc  significantly  improves  the  refractoriness  of  copper 
and  neutralizes  the  harmful  effect  of  oxygen,  bismuth  and  antimony, 
therefore,  copper  with  0.3-0. 5%  As  content  is  used  for  the  fabrication 
of  parts  operating  at  high  temperatures  and  in  conditions  of  a  reducing 
atmosphere  (for  example,  steam  locomotive  boilers). 

With  only  trace  amounts  of  insoluble  Pb  and  Bi  impuirites  in  the 
alloy  (0.002  Bl,  0.06%  PB),  they  form  low-melting  eutectics  which, 
lying  along  the  grain  boundaries,  are  the  cause  of  the  formation  of 
cracks  during  pressure  working.  In  the  presence  of  0.005^^  Bl,  copper 
fractures  easily  during  hot  working,  and  with  increase  of  the  concen¬ 
tration  it  becomes  brittle  in  the  cold  condition  as  well.  Copper  also 
fractures  easily  during  hot  working  with  the  presence  of  lead.  Lead  im¬ 
proves  the  machlnability  of  copper  considerable.  Impurities  of  both 
metals  (Bi,  Pb)  have  little  effect  on  the  electro-  and  thermoconductlv- 
ity  of  copper.  S,  Og  and  other  impurities  which  form  intermetallic  com¬ 
pounds  with  copper  have  little  effect  on  the  electro-  and  thermoconduc¬ 
tivity  of  copper,  but  they  degrade  its  mechanical  properties  and  the 
capacity  for  pressure  working. 

Sulfur,  which  forms  the  chemical  compound  Cu^S  with  copper,  is 
practically  insoluble  in  solid  copper.  Sulfur  impurity  reduces  the  pre¬ 
ssure  workability  of  copper  in  both  the  hot  and  cold  conditions,  has 
little  effecL  on  the  electro-  and  thermoconductivity,  and  sharply  im¬ 
proves  the  machlnability  of  copper;  small  quantities  of  selenium  and 
tellurium  have  a  similar  effect.  Oxygen  has  low  solubility  ir  copper  in 
the  solid  state,  and  during  solidification  separates  in  the  form  of  the 
copper  -  cuprous  oxide  (CUgO)  eutectic.  A  small  amount  of  cuprous  oxide 
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has  no  effect  on  the  properties,  but  an  increased  content  mades  copper 
brittle  in  the  cold  condition.  With  the  presence  of  more  than  0. 1%  ox¬ 
ygen,  copper  fractures  easily  with  hot  pressure  working.  The  recryctal- 
lizatlon  temperature  of  copper  is  increased  in  the  presence  of  oxygen 
(pure  oxygen-free  copper  recrystallizes  at  100®).  Hydrogen  has  consid¬ 
erable  solubility  in  solid  and  liquid  copper,  but  has  little  effect  on 
the  properties.  Hydrogen  has  a  harmful  effect  on  copper  containing  ox¬ 
ygen,  causing  "hydrogen  sickness"  —  cracking  under  the  influence  of 
water  vapors  which  are  formed.  Phosphorous  entering  the  copper  during 
deoxidation  is  found  in  the  form  of  a  solid  solution.  It  has  a  favor¬ 
able  effect  on  the  mechanical  properties  and  weldability  of  copper,  im¬ 
proves  its  fluidity,  but  markedly  reduces  the  electro-  and  thermocond¬ 
uctivity. 

More  than  50?^  of  the  copper  extracted  is  used  in  the  electrical 
industry.  Since  impurities  reduce  the  electrical  conductivity  of  copper 
in  electrical  applications  use  is  made  of  metal  of  the  highest  grades, 
containing  no  less  than  9^.9%  Cu.  As  a  result  of  its  high  thermoconduc¬ 
tivity  and  corrosion  resistance,  copper  is  used  for  the  most  critical 
products  (heat  exchangers,  refrigerators,  vacuum  equipments,  etc,  ). 
About  30-^0'^  of  the  copper  is  used  in  industry  in  the  form  of  various 
alloys  (heavy  industry,  electrical  industry,  communications,  transport) 
The  most  important  of  these  alloys  are  the  brasses  and  various  bronzes. 
Moreover,  in  the  form  of  salts,  copper  is  used  for  the  production  of 
mineral  pigments,  to  combat  plant  blights  and  diseases,  as  microfertil¬ 
izers,  catalyzers  for  oxidation  processes,  in  the  leather  and  fur  in¬ 
dustries. 

See  Red  Copper,  Technical  Copper,  Pure  Copper,  Copper  Alloys. 

References:  Bochvar  A. A.,  Metallovedeniye  (Metal  Science)  5th  edi¬ 
tion,  M. ,  1956;  Spravochnik  po  mashinostroltel 'nym  materialam  (Hand- 
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book  on  Machine  Design  Materials),  Vol.  2,  M. ,  1959;  Smlryagln  A.  P. , 
Ponnyshlennyye  tsvetnyye  metally  1  splavy  (Industrial  Nonferrous  Metals 
and  Alloys),  2nd  edition,  M. ,  1956. 

0.  Ye.  Kestner 
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COPPER  ALLOYS  are  copper-base  alloys  in  which  the  alloying  elem¬ 
ents  are  tin,  zinc,  lead,  nickel,  aluminum,  manganese,  iron,  silver, 
gold,  phosphorus,  slllcvon  and  others. 

Depending  on  the  alloying  components,  the  copper  alloys  may  be 
highly  electro-  and  thermoconductive,  plastic  and  quite  strong  at  high 
temperatures,  wear  and  chemically  resistant,  highly  elastic,  antifric¬ 
tion  and  oerrosion  resistant.  The  copper  alloys  have  a  beautiful  exter¬ 
nal  appearance  similar  to  the  alloys  of  gold  and  silver.  These  alloys 
are  divided  into  two  groups:  brasses  and  bronzes. 

Rie  most  widely  used  of  the  copper  alloys  are  the  brasses  -  the 
copper-nickel  alloys  containing  up  to  50^  zinc.  Additions  to  the  binary 
copper-nickel  alloys  of  small  quantities  of  tin,  aluminum,  nickel,  sil¬ 
icon,  manganese,  iron,  lead  and  other  elements  increase  the  strength, 
hardness,  machlnability,  give  good  casting  properties,  etc.  The  complex 
copper-nickel  alloys  are  termed  special  brasses. 

The  alloys  of  copper  with  tin  were  previously  termed  simply  bron¬ 
zes.  With  the  appearance  of  alloys  of  copper  with  other  alloying  metals 
(other  than  zinc),  which  are  also  termed  bronzes,  the  copper-tin  alloys 
acquired  the  name  of  tin  bronzes,  and  the  alloys  of  copper  with  other 
metals  began  to  be  called  by  the  name  of  the  primary  (other  than  copper) 
component  of  the  alloy,  for  example,  aluminum,  beryllium,  silicon  bron¬ 
zes,  etc. 

The  tin  bronzes  are  the  first  alloys  which  manking  learned  to  uti¬ 
lize.  From  the  ancient  cultures  of  Egypt,  Greece,  Rome,  China  and  more 
recent  times  there  remain  many  artisitic  products  made  from  bronze.  The 
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copper  alloys  are  preduced  by  smelting  copper  with  other  elements  or 
their  alloys  -  ligatures  ->  in  flame  furnaces,  or  more  frequently  elec¬ 
tric  (arc,  induction,  high-frequency,  resistance)  furnaces.  To  prevent 
oxidation  during  smelting,  use  is  made  of  charcoal,  a  flux  or  vacuum 
melting.  At  present,  certain  copper  alloys  are  produced  by  means  of 
electrolysis  of  complex  aqueous  solutions  or  by  diffusion  into  the  sur¬ 
face  layers  of  metallic  products.  The  single-phase  low-alloy  alloys  are 
more  easily  deformed  at  room  temperature  than  the  highly  alloyed  alloys 
with  a  two-phase  structure.  However,  at  high  temperatures  the  two-phase 
alloys  deform  more  easily  and  the  single-phase  alloys  resist  deformat¬ 
ion  more  strongly. 

The  copper  alloys  are  used  in  the  cast  and  wrought  conditions.  The 
alloys  have  higher  strength  and  density  in  the  wrougth  condition. 

In  several  cases  heat  treatment  (solution  treatment  and  aging)  im¬ 
proves  the  plasticity  (solution  treatment)  and  reduces  the  internal 
stresses  (annealing). 

The  alloys  of  copper  with  the  other  metals  ususally  contain  no 
more  than  10%  of  the  primary  alloying  element,-  and  contain  even  smaller 
queintlties  of  the  other  components  (in  the  more  complex  compositions). 
Only  the  brasses,  which  contain  considerably  more  than  10$^  zinc,  are  an 
exception.  Addition  to  copper  of  tin.  aluminum,  silicon,  beryllium  and 
other  elements  considerably  increases  the  strength  while  retaining  the 
plasticity.  In  the  presence  of  large  quantities  of  am  alloying  element 
the  alloys  becom  brittle. 

Among  the  strongest  and  adequately  plastic  copper  alloys  are  the 

aluminum  bronzes  containing  small  quantities  of  iron,  nickel,  manganese. 

2 

Their  ultimate  strength  is  50-65  kg/mm  with  an  elongation  of  8-125^. 
These  alloys  have  good  casting  properties  and  are  easily  pressure  work¬ 
ed,  have  high  i,orroslon  resistance.  As  a  result  of  the  good  mechanical 
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and  technological  properties  they  are  widely  used  for  the  production  of 
structural  parts  for  various  purposes,  and  also  for  parts  operating  at 
high  temperatures.  The  beryllium  bonzes  in  the  heat  treated  condition 
have  still  higher  strength,  high  elastic  limit  and  hardness;  they  are 
corrosion  resistant  and  are  easily  pressure  worked  in  the  solution 
treated  condition.  The  ultimate  strength  of  the  beryllium  bronzes  rea~ 
ches  150  kg/mm  ,  the  elastic  limit  reaches  110  kg/mm  ,  the  hardness 

O 

400  kg/mm  ,  but  in  this  case  the  elongation  does  not  exceed  1%. 

The  brasses,  particularly  the  special  brasses  containing  a  small 
amount  of  aluminum,  iron,  manganese  and  other  metals,  also  are  included 

among  the  alloys  having  good  mechanical  properties,  high  deformablllty, 

2 

and  good  casting  qualities.  Their  ultimate  varies  from  30  to  50  kg/mm 
with  elongation  to  The  ultimate  reaches  90  kg/mm  in  the  work- 

hardened  condition.  As  a  result  of  the  considerable  quantity  of  zinc, 
these  alloys  are  the  most  economical.  The  good  mechanical  and  excellent 
processing  properties  have  led  to  wide  use  of  the  brasses  for  the  fab¬ 
rication  of  various  articles. 

The  tin,  antimony  and  lead  bronzes  are  excellent  antifriction  mat¬ 
erials.  The  alloys  of  copper  with  a  small  amount  (total  no  more  than 
0. 5-1. 5^)  of  chromium,  zirconium,  cadmium,  nickel,  cobalt,  beryllium 
and  otherelements  represent  a  group  of  alloys  with  special  physical 
properties;  high  thermal  and  electrical  conductivity  with  good  thermal 
resistance  (ultimate  at  500-600°  is  15-20  kg/mm^). 

The  copper  alloy  designation,  which  indicates  its  composition,  be¬ 
gins  with  Br  for  the  bronzes  and  with  the  letter  L  for  the  brasses. 
Following  this  for  the  bronzes  and  the  initial  letters  of  the  names  of 
the  alloying  components  and  numerals  corresponding  to  their  average  con¬ 
tent  in  the  alloy.  For  example,  aluminum-iron  bronze  with  10%  A1  and 
Fe  has  the  designation  BrAZhlO-4,  which  denotes  the  presence  in  the  al- 
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loy  of  10$^  A1  and  Pe. 


In  the  brass  designations  the  letter  L  is  followed  by  the  initial 
letters  of  the  alloying  components,  then  there  follows  a  numeral  indic¬ 
ating  the  percentage  copper  content  in  the  alloy,  and  then  (in  the  same 
order  as  the  letters)  there  follow  the  numerals  for  the  percentage  con¬ 
tent  of  thealloying  components  in  the  alloy.  Thus,  for  example,  brass 
containing  70%  Cu  and  1%  Sn  is  designated  as  LO7O-I. 

References:  Bochvar  A. A.,  Metallovedeniye  (Metal  Science),  51^1  ed¬ 
ition,  M. ,  1956;  Smlryagin  A.  P. ,  Promyshlennyye  tsvetnyye  metally  i 
spla’/y  (Industrial  Nonferrous  Metals  and  Alloys),  2nd  edition,  M. ,  1956; 
Bauer  0,  Hansen  M. ,  Structure  of  Copper-Zinc  Alloys,  translated  from 
German,  M. ,  193^;  Turicin  V.  D. ,  Rumyantsev  M.  V. ,  Struktura  i  svoystva 
tsvetnykh  metallov  1  splavov  (Structure  and  Properties  of  Nonferrous 
Metals  and  Alloys),  M. ,  194?;  Mal'tsev  M.  V. ,  Barsukova  T.A.,  Borin  F.A. , 
Metallograflya  tsvetnykh  metallov  i  splavov  (Metallography  of  Nonferr¬ 
ous  Metals  and  Alloys),  M. ,  i960. 

0.  Ye.  Kestner 
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COPPER-NICKEL  ALLOYS  are  copper-base  alloys  in  which  the  primary 
alloying  element  is  nickel.  The  state  diagram  for  the  copper-nickel  cy- 
stem  is  shown  in  the  figure.  Copper  forms  with  nickel  a  continuous  ser¬ 
ies  of  solutions  in  the  liquid  and  solid  states.  Alloys  with  predomin¬ 
antly  copper  content  are  nonmagnetic.  Additions  of  nickel  to  copper  im¬ 
prove  the  corrosion  resistance  in  aggressive  media  (sea  water,  organic 
acids,  etc. ),  the  strength,  hardness,  electrical  resistance  and  elect¬ 
romotive  force  (emf).  Additional  alloying  of  the  copper-nickel  alloys 
with  aluminum,  zinc  or  iron  Improves  their  corrosion  resistance  and 
strength.  The  copper-nickel  alloys  in  production  are  by  convention  div¬ 
ided  into  dtructural  and  electric. 

The  first  group  include  the  corrosion  resistant  bin¬ 
ary  alloys  of  copper  with  nickel  of  the  melchior 
type,  the  ternary  alloys  of  the  Cu  -  Ni  -  Zn  system 
of  the  argentan  type,  and  the  corrosion  resistant 
hardenable  alloys  of  the  Cunial  type.  The  second 
group  includes  the  alloys  of  copper  with  nickel  of 
the  TP  and  TB  type  for  compensation  conductors,  the 
Copel  type  high-nickel  thermoelectrode  alloy,  the 
constantan  type  rheostat  alloy,  and  the  type  MN‘;i  low 
alloy  nickel  copper.  ITie  TP  (MNO.o)  alloy  is  recom¬ 
mended  for  production  of  compensation  conductors  for 
platinum/platinum- rhodium  thermocouples.  In  a  pair  with  copper  the  TP 
alloy  develops,  up  to  a  temperature  of  100®,  the  same  thermo  electro¬ 
motive  force  (temf)  as  does  the  platinum/platinum- rhodium  thermocouple. 


State  diagram 
of  the  copper- 
nickel  system. 
1)  Temperature, 
®C;  2)  weight; 

3)  magnetic 
transformation 

4)  atomic. 
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The  TB  {MNl6)  alloy  is  used  for  compensation  wires  for  platinum/gold 
and  palladium/platinum* rhodium  thermocouples.  In  a  pair  with  copper  the 
TB  alloy  has  the  same  temf  to  100**  as  do  these  thermocouples.  In  com¬ 
parison  with  copper,  the  MN5  alloy  has  better  corrosion  resistance, 
greater  strength  emd  a  higher  recrystalllzatlon  temperature.  It  is  used 
to  produce  rod,  tubing  and  sheet.  Table  1  presents  the  chemical  compos¬ 
ition  and  forms  of  mill  products  of  certain  copper-nickel  alloys,  and 
Table  2  presents  the  technological  properties.  The  temf  characteristics 
of  the  copper-nickel  alloys  are  presented  In  Tables  3  wid 


TABLE  1 

Chemical  Composition  and 
Forms  of  Mill  Products  of 
Certain  Copper-Nickel  alloys 
(GOST  492-52) 
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TABLE  2 

Physical,  Mechanical  and  Technological  Properties  of  Certain  Copper- 
Nickel  Alloys 
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TABLE  3 

TQ(F  of  Copper-Nickel  Alloys  in  Pair  with  Cooper  as  a  Function  of  Temp¬ 
erature  of  the  Hot  Junction  (cold  Junction  0®C) 
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TABLE  4 

TEMP  of  Iron-Copel,  Copper- 
Copel  and  Chromel-Copel 
•niermocouples  with  Tempera¬ 
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References:  Mal'tsev  M.  V. ,  Barsukova  T-A.  ,  Borin  F.  A.,  Metallopra- 
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COPPER  PLATING  THE  TITANIUM  ALLOYS  Is  the  deposition  of  copper  on 
the  surfaces  of  parts  made  of  the  titanium  alloys  by  the  galvanic  meth- 
of  or  by  means  of  contact  deposition.  Copper  plating  of  the  titanium 
alloys  is  performed  to  obtain  a  sublayer  before  coating  with  other  met¬ 
als  for  brazing  or  in  order  to  Improve  their  electrical  conductivity 
and  thermal  conductivity.  The  preparation  of  the  surface  prior  to  cop¬ 
per  plating  is  accomplished  primarily  by  the  same  method  as  in  chrcxne 
plating  the  titanium  alloys  —  etching  in  acid  solutions  or  by  the  ap¬ 
plication  of  a  zinc  layer.  Deposition  of  copper  on  the  prepared  surface 
may  be  performed  in  sulfate,  cyanide  and  pyrosulfate  baths.  To  obtain 
good  bonding  of  the  applied  layer  with  the  basic  metal  the  parts  are 
subjected  to  vacuum  annealing  after  copper  plating  (or  annelaing  in  an 
inert  gas)  at  65O-7OO"  for  one  hour,  which  leads  to  the  formation  of 
ccanparatlvely  nonbrittle  dlffusional  layers  of  copper  in  the  titanium. 
With  the  application  of  a  copper  layer  of  more  thaii  IO-I5  microns,  h:,  a 
result  of  the  vacuum  annealing  the  formation  of  bubbles  and  delamina¬ 
tion  of  the  coating,  frequently  takes  place  therefore,  it  is  recommend¬ 
ed  that  the  copper  plating  operation  be  performed  in  two  steps  -  first 
apply  a  layer  8-10  microns  thick,  then  perform  a  vacuum  anneal,  and, 
finally,  after  pickling  the  surface,  increase  the  basic  copper  layer  to 
the  required  thickness. 

Reference:  Usova  V.  V. ,  Layner  V.  I. ,  Izv.  Vysshlkh  uchebnykh  zav. 
Tsvetnyye  metally  (News  of  Higher  Educational  Institutions.  Nonferrous 
Metals),  19h3«  No. 

I.  S.  Anitov 
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CORDAGE  are  products  fabricated  by  the  twisting  or  plaiting  of 
fibers*  strands,  strings,  yarns.  Cordage  Includes  cables,  ropes,  cords, 
twines,  threads.  The  schemes  for  the  construction  cf  the  basic  forms  of 
cordage  are  shown  in  Fig.  1.  Each  form  of  cordage  differs  in  construc¬ 
tion  (number  and  sequence  of  twisting  of  the  individual  elements),  the 
yarn  material  and  the  method  of  fabricating  it,  the  direction  of  twist 
of  the  product  itself  and  of  Its  elements,  and  the  method  of  finishing. 
The  weight  charactersltlc  of  the  cordage  is  expressed  by  the  weight  per 
1  or  100  meters  of  the  prciuct,  by  a  metric  number  designating  the  num¬ 
ber  of  kllotex,  i.e.,  the  weiglit  per  kilometer  of  product.  The  cordage 
construction  is  designated  by  a  fraction:  the  n'umerator  is  the  metric 
number  of  the  yarn  and  the  denominator  is  the  number  of  strands  twisted 
together.  Eacl.  twisting  prc  s  and  the  directions  of  twist  (right  Z, 
left  S)  are  Indicated  separately  (Fig.  For  example,  the  construc¬ 
tion  of  a  cord  made  from  right-lay  Nc.  12  yarn  by  twisting  in  10 
strands  to  the  left  and  then  three  strands  to  the  right  is  designated 
by  12/10  X  3ZSZ.  The  size  of  cordage  is  defined  by  the  diameter  or  by 
the  circumference  of  the  product.  A  most  Important  characteristic  of 
cordage  is  the  tensile  strength  (kg)  determined  either  on  tensile  ma¬ 
chines  (dynamometers)  and  termed  aggregate  strength,  or  as  the  sum  of 
the  strengths  cf  all  the  fibers  forming  the  cordage  and  then  termed 
summary  strength. 

The  most  numerous  group  of  cordage  are  the  cables,  marked  by  rela¬ 
tively  large  diametral  dimensions  and  high  tensile  strength.  Cables  in¬ 
clude  hemp,  manlla,  sisal,  capron,  cotton,  etc.  This  same  group  in- 
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eludes  combined  products  (for  example,  cables  of  the  "hemp-steel"  and 


"hercules"  types)  and  marine  ropes 


Fig.  1.  Schemes  for  construc¬ 
tion  of  cordage:  a  -  Twine 
and  fender  rope;  b  -  cord;  c- 
rope;  d  -  cable,  l)  Yam;  2) 
twine;  3)  fender  rope;  4) 
thread;  5)  cord;  6)  string; 

7)  strand;  8)  rope;  9)  cable; 
10)  hawser;  11 )  cable  hawser. 


-  lines.  Cable  fabricated  by  twist¬ 
ing  strings  Into  strands  and  then 
laying  3  or  more  strands  In  the  di¬ 
rection  opposite  to  the  lay  of  the 
strands  Is  termed  hawser.  Cable 
wound  from  3  or  4  hawsers  (strings) 
In  the  direction  opposite  to  their 
lay  Is  termed  cable  hawser.  The  lat¬ 
ter,  In  comparison  with  the  hawsers, 
have  greater  flexibility  and  are 
produced  In  sizes  from  I50  to  450  mm 
circumference.  Special  drive  cables 


are  made  from  hemp,  sisal  and  manlla  for  driving  transmissions.  In  ma¬ 


rine  transport  and  for  transmission  drive,  use  Is  made  of  plaited  ca- 


I  J 


Fig.  2.  De¬ 
signation 
of  twist  di¬ 
rection:  Z  - 
right,  S  - 
left. 


bles  formed  by  plaiting  4  strands  of  right  lay  and  4 
strands  of  left  lay.  Plaited  cables  are  completely  bal 
anced  and  are  very  flexible  and  strong,  but  are  charac 
terlzed  by  large  residual  elongations.  To  protect 
against  rot  the  cables  are  Impregnated  with  wood  resin 
of  the  coniferous  varieties  at  85-IO5'’.  The  resin  con¬ 
tent  after  Impregnation  is  16-205^  of  the  Initial  yarn 


weight.  The  maximal  anti-rot  resistance  of  the  cables  Is  achieved  with 


the  use  of  Impregnating  compositions  which  form  copper  soap  or  copper- 
chrome  -tannlde  lacquers  with  a  content  of  no  less  than  0.5J^  copper  with 
respect  to  the  weight  of  the  product.  The  following  cables  are  fabri¬ 
cated  In  the  USSR:  untreated  -  for  hoists  and  transmission  drives,  and 
resined  (GOST  483-55)  -  for  fishing  tackle,  ocean  and  river  transport; 
sisal  and  manlla  (GOST  1088-41 )  for  same  uses  as  the  untreated  and  re- 
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slned  cables;  capron  (QOST  10293-62)  for  use  in  whaling,  aviation  and 
mine  rescue  operations;  cotton  (GOST  1766-42)  used  In  transmission 
drives  and  power  transfer  to  the  working  units  of  textile  machines; 
lines  (QOST  1091-41)  and  cables  of  the  "hemp-steel"  compound  type  used 
In  ocean  and  river  transport  and  In  the  fishing  Industry. 

Ropes  (other  than  marine)  In  contrast  with  cables,  are  fabricated 
frcxn  yarns  made  using  the  method  of  short  (floss)  spinning,  i.e.,  they 
consist  of  relatively  short  fibers,  as  a  result  of  which  they  have  less 
tensile  strength,  lower  wear  resistance  and  lower  volumetric  weight. 

The  high  flexibility  of  the  ropes  In  comparison  with  the  cables  Is 
achieved  as  a  result  of  the  fact  that  their  strands  are  given  less 
twist.  In  certain  cases  the  ropes  are  subjected  to  Impregnation  for  the 
prevention  of  rot  just  as  the  cables  are.  The  ropes  produced  in  the 
USSR  from  bast  fibers  (GOST  1868-51)  are  used  for;  the  high-quality  in¬ 
dustrial  ropes  are  used  for  fishing  tackle,  signal  blocks  and  hoisting 
mechanisms;  the  Industrial,  commercial  and  domestic  ropes  are  used  for 
binding,  packaging  and  for  the  fabrication  of  harness;  tenting  ropes 
(VTU  MTP  236-45)  [Provisional  Spec.  International  Trade  Board]  are  used 
for  outfitting  tents.  Cotton  ropes  of  self-acting  mules  (TU  NK  [Spec, 
of  the  Peoples  Commissariat]  of  the  textile  industry  30339-41)  are  used 
to  drive  textile  machines,  to  equip  low-power  hoists;  molding  twine 
made  from  hemp  (OST  NKLP  2l80)  [All-Union  Standard  of  the  People's  Com¬ 
missariat  of  Light  Industry  2l80]  is  used  for  the  tying  of  small  items 
(molding,  lath,  etc.  )  in  the  lumbering  Industry. 

Cord  Is  the  name  given  to  small  twisted  products  with  diameter  of 
1-16  mm.  They  are  used  In  aviation,  on  ships  and  for  the  fabrication  of 
sporting  goods.  Braided  cords  -  fall  -  differ  from  the  twisted  cords  by 
their  nontwist  qualities,  greater  flexibility,  but  have  lower  strength. 
The  following  forms  of  cords  are  produced  in  the  USSR  (GOST  1765-42): 
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linen,  linen  cabling,  twisted  linen  and  cotton  cords  (QOST  1024-41), 
linen-hemp  (GOST  5107-49) ^  plaited  linen  (falls)  and  cotton  cords  (OST 
NKLP  7628/728  and  7627/727),  kapron  cords. 

Twine  products  (binder  twine  from  bast  fibers  (GOST  5725-51),  sin¬ 
gle-thread  packaging  twine  (STU  [Sovnarkhoz  Spec.]  29-1-66  of  the  Kursk 
Sovnarkhoz),  sheaf -binding  (OST  NKLP  6707/407),  hay  binder  (VTU  of  No. 

1  Moscow  Sovnarkhoz),  cotton  (TU  MTP  30498-48)  are  Intended  for  the 
binding  and  packaging  of  Individual  loads,  for  sewing  bags,  binding  of 
sheafs  and  stacks  of  hay,  packaging  of  postal  packages,  and  also  for 
the  binding  of  sausages  and  fish  preparatory  to  smoking.  Pender  cord 
(GOST  5758-51)  is  used  In  the  furniture  Industry  for  tying  springs.  Ca¬ 
ble  yam  (GOST  905-41)  Is  used  as  a  protective  covering  In  the  cable 
Industry.  Twine  products  are  produced  In  cylindrical  colls  with  tight 
(precision)  winding  weighing  1. 0-3.0  kg. 

References:  Spravochnlk  po  pryadeniyu  grubykh  lubyanykh  volokon  1 
prolzvodstvu  kruchenykh  Izdelly  [Handbook  on  the  Spinning  of  Coarse 
Bast  Fibers  and  the  Production  of  Cordage],  ed.  by  L.N.  Ginzburg,  M. , 
196I;  Ginzburg  L.N. ,  Dvernltskly  I.M. ,  Pryadenlye  lubyanykh  volokon  1 
prolzvodstvo  kruchenykh  Izdelly  [Spinning  of  Bast  Fibers  and  Production 
of  Cordage],  M. ,  1959* 

V.A.  Zabelin 
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CORD  FABRICS  -  technical  fabrics  with  a  plain  weave,  with  the 
warp  formed  by  a  strong  two-ply  twisted  thread  (cord)  and  the  weft  is 
made  of  a  lean,  single  ply  twisted  yarn.  It  is  used  for  making  pneuma¬ 
tic  tire  carcass  covers,  V-shaped  driving  belts,  and  other  technical 
rubber  products.  Cord  fabrics  are  made  from  cotton  and  chemical  fibers. 
Cord  fabrics  have  a  high  strength  in  the  warp  and  moderate  strength 
in  the  weft.  The  purpose  of  the  v;eft  is  to  protect  the  cord  threads 
from  crumbling  away  during  rubberlzation.  Cord  threads  should  have  a 
high  rupture  strength  and  elasticity,  i.c.,  ability  to  stretch  under  a 
load  and  return  to  the  initial  state  after  the  load  Is  removed,  fatigue 
strength  (ability  to  withstand  multiple  deformations  without  failing), 
heat  resistance.  Cotton  cord  fabrics  at  115-120°  lose  30-35^  of  its  in¬ 
itial  strength,  under  similar  conditions  viscose  cord  fabrics  lose 
10-125^. 

The  warp  of  cotton  cord  fabrics  is  made  from  the  highest  quality 
thin-fiber  cotton  with  a  fiber  length  of  35-39  and  a  rupture  length 
of  32-35  kmj  medium-fiber  cotton  with  a  rupture  length  of  24-25  km  is 
used  for  the  3T  and  23T  cord  fabrics.  The  first  twisting  of  cotton  cord 
fiber  (800  turns  per  1  m)  is  performed  by  the  wet  method,  the  second 
(400  turns)  is  done  by  the  dry  method.  The  length  of  a  cord  fabric  cut 
is  180  and  360  m.  Guideline  data  for  cotton  cord  fabrics  are  given  in 
Table  1  (in  fatigue  strength  testing  the  warp  threads  of  cord  fabrics 
given  in  Table  1  should  withstand  at  least  90O  cycles  to  failure),  Au¬ 
tomotive  vehicle  and  aircraft  tires  are  made  from  capron  cord  fabrics 
with  a  warp  of  capron  cord  threads  and  weft  from  a  single-strand  cotton 
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yarn.  Viscose  cord  fabrics  which  have  a  higher  strength  are  thinner 
for  the  same  tensile  strength  which  makes  it  possible  to  reduce  the 
tire  cover  carcass,  thus  increasing  its  service  life.  Improving  the 
flexure  resistance  and  reduce  heat  generation,  are  extensively  used  in 
stead  of  cotton  cord  fabrics.  Viscose  cord  fabric  is  made  from  super- 
and  super-super  viscose,  wit  a  viscose  cord  thread  warp  and  cotton 
yarn  weft.  The  indicators  of  high-strength  viscose  cord  fabrics  are 
given  in  Table  2. 

TABLE  1 


Data  on  Cotton  Cord  Fabrics 
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1)  Breindj  2)  warp  thread  structure;  3^  thickness  (number)  of  the  weft 
yarn  with  the  allowable  deviations  (%);  4)  warp  thread  diameter  for  a 
moisture  content  of  6.3^  (^Jj  5)  thread  count  per  10  cm;  6)  fabric 
width  (cm);  7)  weight  of  1  for  a  moisture  content  of  6.5^  (g);  8) 
tensile  strength  for  a  moisture  content  of  6.5^  (kg,  not  less  than); 
9)  elongation  under  a  load  of  4.5  kg  {^);  10)  heat  resistance  coeffi¬ 
cient  (not  less  than);  11)  moisture  content  not  more  than);  12) 
warp;  I3)  weft;  l4)  same  as  above. 


Bicycle  tire  carcass  covers  are  made  from  cotton  cord  fabric, 
which  is  called  bicycle  tire-thread  fabric;  indicators  of  bicycle  tire 
thre  ad  cord  fabric  are  given  in  Table  3. 
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TABLE  2 


Indicators  of  High-Strength  Viscose  Cord  Fabrics 


High-strength  viscose  cord  fabric  is  produced  in 
rolls  5^0  or  720  m  long. 


1)  Fabric  brandj  2)  thread  structure;  3)  thickness  (mm);  4)  rupture 
load  (kg,  not  less  than);  5}  elongation  {%);  6)  number  of  turns  per  1  m; 
7)  thread  count  per  10  cm;  o)  fabric  width  (cm);  9)  weight  of  1  m2  of 
fabric  (g). 

TABLE  3 

Indicators  of  Bicycle  Tire-Thread  Cord  Fabric 


1)  Warp;  2)  weft;  3)  fabric;  4)  fabric  structure;  5)  thread  diameter 
for  a  moisture  content  of  6.^%  (nrni);  6)  tensile  strength  for  a  moisture 
content  of  6. 5$^  (l^)j  7)  elongation  at  break  {f>);  B)  number  of  turns; 

9)  1st  twisting;  lo)  2nd  twisting;  11)  yarn  No.;  12)  thread  count  per 
10  cm;  13)  width  (cm). 


S.Ye.  Strusevich 


912 


II-72n 


CORD  FILAMENT  (cord  fiber,  cord  yarn)  Is  filament  of  unlimited 
length  differing  from  ordinary  filamentary  thread  In  high  strength  and 
lower  elongation.  Cord  filament  Is  produced  with  low  numbers  (usually 
Physical  and  Mechanical  Properties  of  Cord  Fibers 
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l)  Properties;  2)  fibers;  3)  viscose;  4)  nylon;  5)  kapron;  6)  cotton; 
7)  steel;  8)  specific  gravity;  9)  “el  (meters/gram);  10)  diameter  of 

elementary  fiber  (mm);  ll)  breaking  length  (km);  12)  ultimate  tensile 

strength  (kg/mra^);  13)  elongation  {%);  l4)  elastic  modulus  (kg/mm^). 


for  the  chemical  fibers  Is  from  5-45  to  10.7);  In  addition,  In  the 
USSR  It  Is  produced  with  of  34.5  (polyamide  cord  filament).  Two  or 
more  cord  filaments  eire  twisted  to  produce  cord.  Initially  the  cord 
filaments  are  twisted  to  obtain  500-600  turns  per  meter,  and  then  two 
or  more  twisted  filaments  are  twisted  In  the  opposite  direction,  ob¬ 
taining  320-470  turns  per  meter. 

Wide  use  Is  made  of  the  viscose  and  polyamide  (kapron  and  nylon) 
cord  filament  for  the  production  of  technical  rubber  articles. 

References:  Konkin,  A.A. ,  Rogovlna,  A. A.,  and  Birger,  G.Ye. ,  KhV 
[Chemical  Fibers],  I96I,  No.  1. 

E.I.  Ayzenshteyn 
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CORDS  —  see  Cordage. 


